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NUTRITION REVIEWS 


Vou. 4 FEBRUARY, 1946 No. 2 


FOOD AND RECOVERY IN EUROPE 


We are concerned with the critical food 
needs of Europe. Without sufficient food 
the peoples of liberated and ex-enemy 
countries will not be fit either mentally or 
physically for the trials and labors that lie 
ahead of them. The importance of food as 
one of the indispensable prerequisites of 
recovery and stability is generally recog- 
nized, but the stringency of the supply 
situation in Europe at the present time is 
less fully appreciated. A positive and re- 
alistic approach to the problems with which 
we are confronted must be based on an ob- 
jective examination of the evidence that can 
be obtained about the actual facts of this 
situation. 

Even in normal times Europe needed food 
imports. She also depended on substantial 
imports of fertilizers and feedstuffs to 
maintain her output of crops and livestock 
products. Six countries on the western and 
northern edge of the continent (France, 
Belgium, Netherlands, Denmark, Norway, 
and Finland) used to import each year 
about 2 million tons of phosphate rock, 3 
million tons of oil cake, 8 million tons of 
grain, more than half a million tons of fats 
and oils, and nearly half a million tons of 
sugar. Five Mediterranean and Central 
European countries (Italy, Greece, Yugo- 
slavia, Austria, and Czechoslovakia) im- 
ported a million tons of phosphate rock, 
about 300 thousand tons of oil cake, a 
million and a half tons of grain, and more 
than a quarter of a million tons of fats and 
oils. When these imports were cut off 
food supplies were affected both directly and 
indirectly. Crop yields began to fall, grain 
and potatoes had to be diverted from feed to 
food uses, livestock numbers had to be re- 
duced, and the output of animal products 
suffered even greater declines. 


In addition to the interruption of normal 
trade many other factors have contributed 
to the progressive decline in agricultural 
output during the past five years. Most 
important among them were: the losses of 
draft animals through requisitioning by the 
Germans, shortages of fuel for tractors, 
scarcity of labor, deterioration of machinery 
and other equipment, and lack of certain in- 
gredients required for the manufacture of 
pesticides. These factors operated with 
cumulative effects all through the period of 
the war. Finally, in the year just past, 
transportation practically came to a stand- 
still and perishables spoiled on the farms. 
Refineries were short of fuel, and sugar beets 
rotted in the fields. In many regions the 
farmers suffered from the foraging and 
pillaging of advancing or retreating armies. 
As a result of the combined effects of all 
these factors agricultural production in 
1945 to 1946 will be substantially below 
what it was in 1944 to 1945 and will be far 
below the prewar level. 

Even if all the supplies produced within 
these countries could be brought under con- 
trolled distribution the levels of consumption 
provided would meet the barest minimum 
standards. In the current consumption 
year—the twelve month period from the 
1945 harvest till the harvest of 1946 be- 
comes available—indigenous production in 
Belgium would not provide for her popula- 
tion more than 1100 calories per person per 
day. The corresponding levels in other 
countries would be roughly as follows: 
Greece 1300, Netherlands 1350, Norway 
1400, Italy and Austria 1500, Finland 
1750, France 1800. In actual fact, of course, 
the assumption that supplies could be 
equitably distributed among all members of 
the population is entirely unrealistic. The 
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inevitable results of maldistribution must 
be taken into account. We must recognize 
that the nonproducer groups in any country 
will suffer disproportionately from whatever 
food shortages occur. As a general rule 
the farm populations in all countries have 
been able throughout the war to maintain 
their own consumption at relatively satis- 
factory levels. 

Food must therefore be supplied to 
Europe during the next nine months in 
substantial quantities. Shipments will 
come from many sources, but the amounts 
made available from this country will have 
to constitute an important part of the total 
—possibly as much as one half of all that is 
sent. Let us raise our sights to a goal which 
would give continental Allies 2650 calories, 
maintain the United Kingdom at her 1943 
to 1944 level, and allow ex-enemy countries 
80 per cent of their prewar levels. On this 
basis import requirements would be roughly 
as follows: six Western and Northern 
countries 8 or 9 million tons; five Medi- 
terranean and Central countries 7 million 
tons; Britain 9 million tons; Germany be- 
tween 5 and 6 million tons; and Poland an 
uncertain amount which might be 2 million 
tons. For these fourteen countries taken 
together the total would be between 30 and 
35 million tons. With these imports the 
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consumption level in Britain would still be 
300 or 400 calories lower than ours, that of 
continental Allies would fall short of ours 
by 600 or 700 calories, and that in ex-enemy 
countries would be 900 or 1000 calories be- 
low ours. When account is taken of the 
distribution difficulties already called to 
attention it is clear that the levels for many 
of the urban groups would still be low. 
From this sketchy analysis of European 

food needs it is clear that what is done be- 
tween now and next harvest time will be of 
critical importance from the points of view 
of both relief and recovery. It is also 
evident that the contributions required from 
the United States will be substantial. We 
are in a position to supply large quantities of 
food without danger to the well-being of 
American consumers, but this cannot be 
done without effort and inconvenience. If 
an adequate and effective job is to be done 
we must be willing to limit our consumption 
of certain kinds of food and we must be 
willing to accept the controls that are 
necessary in carrying out an emergency 
program of this sort. 

JoHN M. CassELs, 

Chief, Supply Analysis Division, 

Office of Food Programs, 

Foreign Economic Administration, 

Washington, D.C. 


THE PRESENT KNOWLEDGE OF CALORIES IN HUMAN NUTRITION 


Professor Sherman has aptly written that 
“... the most prominent of the nutritive 
requirements is the need for energy” 
(“Chemistry of Food and Nutrition,’ 
Fourth Edition, p. 499, Macmillan Co., 
New York (1932)). That this requirement 
for calories is primary and takes precedence 
over the requirements for specific nutrients 
was well illustrated in the adoption of 
national nutrition policies by the British 


’ government, which gave first consideration 


to maintenance of the calory supply during 
the present war, and, similarly, followed 
“the breadstuffs policy” of World War I. 


Historically, energy metabolism was the true 
basis of the “science of nutrition.” 

Despite these truths the caloric require- 
ment has been in recent years rather fre- 
quently disregarded by nutritionists in 
favor of the more intriguing investigations of 
oftentimes elusive vitamins. It appears to 
have been assumed by many that we possess 
an accurate knowledge of the caloric re- 
quirements of the various segments of the 
population. Perhaps we have been lulled 
into a sense of security as to the exactness of 
our knowledge by (1) the exactness with 
which one may determine the fuel value of a 
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substance in the calorimeter and (2) the 
almost equally exact measurements of the 
metabolic production of energy as estab- 
lished by direct calorimetry. It is well, 
therefore, to consider certain fundamental 
concepts which serve as a basis for estimating 
energy requirements. 

The unit of energy used in human nu- 
trition is the kilogram calory; i.e., the 
amount of heat energy which is required to 
raise the temperature of 1 kilogram (slightly 
over 1 quart) of water 1°C. (from 14.5° to 
15.5°C.). The caloric equivalent of me- 
chanical energy may be calculated by 
multiplying the units of mechanical energy 
(Joule) by an accurately determined factor. 
Hence, it is convenient to express energy 
relationships in terms of calories. 

The sources of energy for man are fat, 
carbohydrate, and protein, the three food- 
stuffs being calorically interchangeable in 
accordance with their heat-producing values 
(Rubner’s isodynamic law). According to 
the Atwater system of caloric values 
(Nutrition Reviews 3, 144 (1945)), which 
is universally used in this country, the 
energy values of these foodstuffs are 9, 4, 
and 4 calories per gram respectively. This 
system is based upon the energy derived 
from the digestible metabolized portion of 
mixed food in the proportions commonly 
consumed in the United States. These net 
caloric factors are lower than Rubner’s 
factors which did not make allowance for 
incomplete absorption of food materials 
from the intestine. 

The expenditures of energy may be 
grouped under five components: (1) basal 
metabolism, (2) specific dynamic action, 
(3) physical activity, (4) maintenance of 
body temperature, and (5) growth and se- 
cretions. Basal metabolism is the lowest 
level of energy production by the awake 
individual lying at rest at a comfortable 
temperature at least fourteen hours after 
the ingestion of food. (During sleep the 
metabolic rate is decreased further by some 
10 to 15 per cent.) Under such conditions 


the heat production per unit area of body 
surface per unit of time is fairly constant for 
healthy individuals of the same age, sex, and 
nutritional level. This may amount to 
approximately 40 calories per square meter 
per hour in a 30 to 40 year old male. The 
surface area of such a man is usually slightly 
under 2 square meters. The so-called ‘“nor- 
mal standards of basal metabolism” are 
founded upon extensive series of observa- 
tions on healthy individuals of different ages 
and sex. Most of thesg standards are based 
largely on first tests and are, therefore, some 
5 to 10 per cent too high when compared 
with standards derived from observations 
on trained subjects (Du Bois and Chambers, 
J. Am. Med. Assn. 119, 1183 (1942)). 

The recent ingestion of food, with no 
other change of the conditions as defined for 
the basal state, brings about an increase in 
heat production, the so-called “specific 
dynamic action” of foodstuffs. This is 
generally estimated at some 6 per cent of the 
total caloric value of the food and is usually 
stated to be highest when protein rich sub- 
stances are eaten. It has been assumed that 
foodstuffs exert their specific dynamic action 
in an additive manner independent of each 
other. Reason to doubt this concept has 
been given by Forbes and Swift (J. Nu- 
trition 27, 453 (1944)), who, working with 
rats fed at the usual nutritional plane (in 
contrast to the method employing a fasted 
subject) have found that for the rat, ‘“The 
dynamic effects of diets... are not the ad- 
ditive effects of their components, and are 
not in accord with the protein contents; 
and inasmuch as there is no scientific means 
of apportioning energy effects of values 
among dietary constituents, the dynamic 
effects of individual foods or nutrients are 
without significance as constants.” For 
example, a mixture of beef protein and 
lard was found to exert a dynamic effect 
of 113 calories in contrast to 244 calories as 
calculated by the usual means of adding the 
expected specific dynamic effects of the two 
foodstuffs. From these experiments it may 
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be, therefore, that the usual estimates of 


calories to meet the specific dynamic action | 


of foodstuffs are grossly high. 

The actual energy expenditure in physical 
activity varies tremendously because of 
variations in the intensity of the activity 
and the efficiency of the workman. Thus, 
these requirements may be only a few 
hundred calories above the estimated basal 
level for the hospitalized patient or 6000 
calories above the same level for a lumber- 
man. Furthermoreg the subjective grading 
of work as sedentary, moderate, or hard is 
subject to wide differences and has altered 
considerably over a period of years. It is 
to be emphasized that the widely employed 
figures for caloric requirements of workers 
were proposed in 1914 (Becker and Hiaim- 
alainen, Skand. Arch. Physiol. 31, 198 (1914)) 
and, according to Cathcart (Nutrition Abstr. 
Rev. 1, 6 (1931)) are “overestimates of the 
needs.”’ 

The maintenance of the body temperature 
of warmblooded animals within a relatively 
narrow range is accomplished by a complex 
series of mechanisms which balance heat 
production against heat loss. The loss of 
heat from a resting man occurs through 
conduction and radiation, the latent heat of 
evaporation of water (insensible loss of 
water) through the skin and lungs, and the 
warming of ingested food and drink and of 
inspired air. When the nude body is ex- 
posed to a room temperature below a certain 
level (about 25° to 26° at a relative humidity 
of 20 per cent) there is called forth a pro- 
nounced increase in heat production (the 
chemical factor in temperature regulation) 
which may rise at 18°C. to approximately 
50 per cent above that of the subject at a 
comfortable environmental temperature 
(Wiley and Newburgh, J. Clin. Invest. 
10, 689 (1931)). Proper clothing will com- 
pletely erase this increase. Similarly a 
variety of factors such as wind, humidity, 
bathing, the drinking of cold liquids, the 
thickness of the adipose tissue of the sub- 
ject, and the like, influence the energy 
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relationships in temperature regulation and, 
therefore, complicate the estimates of the 
magnitude of this component of the total 
caloric allowances. 

The energy needs for the formation of new 
tissue (growth in its broadest sense) and for 
the formation of secretions such as milk 
constitute special problems of such different 
magnitudes that each stage must be sep- 
arately considered. Furthermore, during 
growth of children and during pregnancy 
there are complicating factors such as 
differences in physical activity and in basal 
metabolism which require especial consider- 
ation in efforts to assess the total caloric 
requirement; hence, standards for such 
periods are to be interpreted with full 
recognition of their approximate character. 

The desirability of an adequate, but not 
excessive, caloric intake is obvious. It can 
no longer be questioned that obesity is the 
result of a caloric intake in excess of the 
requirement for that individual and, hence, 
is truly a form of malnutrition. The mass 
of evidence from insurance statistics and 
from clinical studies which definitely cor- 
relates obesity with increased morbidity and 
mortality, and the evidence of clinical im- 
provement in certain obese individuals with 
diabetes and with other diseases following 
weight reduction is so striking that it is diffi- 
cult to escape the conclusion that excessive 
caloric intake is physiologically undesirable. 
Other evidence bearing on this point is that 
from experimental studies in lower animals 
which indicates that caloric undernutrition 
results in a lower incidence of induced malig- 
nancies or of certain hereditary malignancies. 
These data, however, must not be trans- 
posed to man until their significance is 
established. Similarly, McCay and co-wor- 
kers have demonstrated that longevity in 
rats is promoted by moderate caloric 
restriction (Nutrition Reviews 2, 3 (1944)). 
Undernutrition in man results in substand- 
ard weight which, in children, has been 
correlated with impaired physical status in 
later life (Ibid. 3, 114 (1944)). 
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The most desirable weight range cannot be 
delimited from the available data, but it is 
clear that either extreme of the range is as- 
sociated with increased morbidity and 
mortality. The data suggest that our pres- 
ent standards of weight for adults are cer- 
tainly high enough, if not too high. It is 
evident that, in the absence of edema, the 
weight of the individual is a reliable guide 
to the caloric adequacy of his intake. 

A consideration of the approximations 
involved in the estimation of a caloric 
standard leads one to conclude that the com- 
parison of the intake of an individual with a 
given standard gives no information con- 
cerning the adequacy or excessiveness of the 
intake for that individual. Hence, any 
such standard is to be considered merely as 
an indication of the general magnitude of the 
caloric needs of a person and not a means of 
deciding whether that individual is obtain- 
ing an adequate diet. Intake standards 
may serve as a basis for the calculation of 
the requirements of populations. If so, it 
is important that the standards be based 
upon either average requirements (Nutrition 
Reviews 3, 323 (1945)) as estimated from 
the newer and lower calorimetry measure- 
ments or from intake records of a popula- 
tion under the conditions imposed by Orr 
and Leitch (Nutrition Abstr. Rev. 7, 509 
(1938)). Chief of these conditions are 
that the calculated food consumption is a 
true representation of the food intake and 
that the intake is at such a level as to 
maintain health and fitness. Evidence of 
this sort gleaned from nutrition surveys 
indicate that, at least for the rural pop- 
ulation of the South, the widely used 
National Research Council’s Recommended 
Dietary Allowances (National Research 


Council Reprint and Circular Series no. 
115 (1943); no. 122 (1945)) for calories for 
moderately active or very active adults are 
too high to serve as mean values (Nu- 
trition Reviews 1, 164, 302 (1943); 2, 76 
(1944); 3, 106, 210 (1945)). Furthermore, 
with the full cognizance of the errors in- 
herent in the methods of calculating such 
data (Ibid.1, 45, 302 (1948); 2, 43 (1944), 
one is forced to the conclusion that the 
figures reported from such surveys are not 
out of line with at least two very carefully 
conducted series of classic experiments in 
which healthy young men, physically active, 
were maintained on carefully weighed diets 
of considerably less than 3000 calories (1500 
to 2400 in one case, and approximately 2000 
to 2800 in the other) for periods of five to 
six months with no impaired physical per- 
formance and little objective evidence of any 
deterioration due to the reduced dietary 
other than a slight decrease in body weight 
(Benedict et al., Carnegie Institution Pub- 
lication no. 280 (1919); Chittenden, ‘‘Phys- 
iological Economy in Nutrition,’ Stokes, 
New York (1905)). In fact, Chittenden 
wrote of his subjects that their ability to 
do muscular work was greatly increased and 
there was no change in the reaction time or 
the blood findings, but that there was “im- 
provement in the working of the neuro- 
muscular machinery, sufficiently noticeable 
to attract the attention of the men them- 
selves.’’ Such considerations emphasize the 
incompleteness of our present knowledge of 
energy metabolism, the urgency of a careful 
experimental reevaluation of the caloric 
requirement at various levels of activity 
and growth, and the need for conservatism 
in applying dietary standards alone as a 
measure of the goodness of caloric intake. 


GROWTH ON A DIET FREE OF METHIONINE AND CHOLINE 


On the basis of extensive experimental 
evidence it has been established that 
methionine is a dietary essential. The 
only substitute recognized is choline, or other 


source of labile methyl groups, plus homo- 
cystine. The essential nature of labile 
methyl groups, whether administered as 
methionine, choline, or other less usual 
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- dietary ingredients, has been repeatedly 


emphasized. Certain investigators, how- 
ever, have reported results which indicate 
that some synthesis in vivo of labile methyl! 
groups may occur. Du Vigneaud, Chandler, 
Moyer, and Keppel (J. Biol. Chem. 131, 57 
(1939)) called attention to the fact that an 
occasional animal was capable of showing 
some growth on adiet containing homocystine 
with no added choline. They suggested that 
the growth was due to refection similar to 
the refection which occurs when rats on a 
thiamine deficient diet obtain a supply of the 
vitamin from bacterial synthesis in the 
intestine. More recently du Vigneaud, 
Simmonds, Chandler, and Cohn (Jbid. 
159, 755 (1945)) demonstrated, by the use of 
isotopes, that a small but not insignificant 
amount of labile methyl groups had been 
synthesized in rats on a diet containing an 
adequate supply of methyl groups in the 
form of methionine. This synthesis was 
also ascribed to the activity of intestinal 
bacteria. 

In general, however, du Vigneaud and 
collaborators as well as other workers in the 
field have found that homocystine, in the 
absence of choline and methionine, is not 
sufficiently well utilized for sustained growth 
of animals to occur. 

A group of investigators from the Lan- 
kenau Hospital, Philadelphia, has presented 
evidence that, under the conditions in their 
laboratory, rats grow as a result of the 
addition of homocystine to purified diets 
devoid of choline, methionine, or other 
known source of N- or S-bound methyl 
groups. Under these conditions they find 
that methionine and cystine are synthesized 
from homocystine. 

The basal diet employed by this group 
of investigators (Bennett, Medes, and 
Toennies, Growth 8, 59 (1944)) consisted 
of a mixture of seventeen amino acids 
(which did not include either methionine or 
cystine), dextrin, sucrose, salt mixture, agar, 
corn oil, and vitamins. This diet appeared 
to be practically free of labile methyl groups 
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since it was devoid of methionine and the 
ingredients were carefully purified to re- 
move all traces of choline. Female albino 
rats (5 weeks old) were fed this diet for a few 
days during which time the individual 
animals lost from 20 to more than 30g. The 
animals were then divided into experimental 
groups. This division was sometimes but 
not always according to litter, the criterion 
of group uniformity adopted being the 
growth constant of Zucker, Hall, Young, 
and Zucker (Ibid. 5, 415 (1941)). The 
growth response to varying amounts of 
supplementary homocystine, cystine, methi- 
onine, and choline was then determined. 

With few exceptions all rats responded to 
daily supplementary feedings of 18 mg. or 
more of homocystine. Thirty-six mg. daily 
appeared to give the best growth and in a 
typical experiment the animals which re- 
ceived homocystine at this level gained, on 
the average, 24 g. in the first twenty days of 
supplementation. About one half of the 
animals continued to increase in weight for 
two months or more, approximately one- 
sixth leveled off or showed a slow decline, 
and the remaining one-third developed a 
curious illness. These animals became list- 
less and assumed a humped posture. Food 
consumption declined or ceased and this was 
accompanied by a rapid loss of weight. In 
all severe cases a red material, presumably 
porphyrin, was deposited on nostrils and 
paws and the urine became thick and dark 
brown. After varying periods of illness the 
animals spontaneously recovered. His- 
tologic data did not indicate that these 
growth crises resulted from any particular 
anatomic lesion but suggested rather that the 
animals were benefited by the episodes. 
Signs of chronic nephrosis were found in 
many animals sacrificed before or during 
acute growth crises but tended to disappear 
for a time thereafter. 

These animals were further investigated 
(Medes, Floyd, and Cammaroti, Growth 
8, 89 (1944)) in regard to the in vivo syn- 
thesis of methionine and cystine. The 
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ground carcass was extracted of fat, and 
after hydrolysis of the protein, methionine 
and cystine were determined. Rats of 
similar age which had received a mixed 
laboratory diet were used as controls. The 
rats which had received the homocystine-con- 
taining diet apparently had normal amounts 
of methionine and cystine per gram of tissue 
and since the animals had grown the authors 
concluded that these amino acids had been 
synthesized from homocystine in the ab- 
sence of choline. These authors presented 
three possible explanations for their results: 
first, that labile methyl groups in unknown 
combinations may exist in the diet or in the 
animals as depots built up from pre-exper- 
imental mixed laboratory diet; second, that 


intestinal absorption or coprophagy may 
furnish the animal with labile methyl 
groups originating from bacterial metabo- 
lism; third, that vitamin factors may enable 
the animal to compensate for the absence of 
dietary methyl donors by biosynthetic 
means of its own or of its intestinal bacteria. 
A further alternative, which apparently has 
not been excluded, might be considered as a 
possible contributory mechanism, namely, 
that labile methyl groups might have been 
stored during the initial loss of weight on 
the basal experimental diet and subsequently 
used to methylate homocystine. At any 
rate the extent of the ability of animals to 
synthesize methyl groups merits further 
study. 


THE USE OF MULTIPLE DIETARY STANDARDS 


No one dietary standard or dietary 
allowance can be expected to serve all of the 
purposes of nutritionists and of planning 
bodies. In choosing a standard or in 
applying an allowance it is imperative that 
one be aware of the methods of develop- 
ing the various standards which are offered 
and the purposes set for these standards. 
Furthermore, none of our present day 
standards is final; only recently the Food 
and Nutrition Board of the National Re- 
search Council has revised the Recom- 
mended Dietary Allowances (National Re- 
search Council Reprint and Circular Series 
no. 122, Washington, D. C., August (1945); 
Nutrition Reviews 3, 287 (1945)).. This 
revised bulletin is rendered more valuable 
than the preceding edition by the inclusion 
of a statement of the basis and intended 
purpose of these recommended allowances. 

Dietary allowances may be designed to 
attain any of several zones of nutriment 
(Dann and Darby, Physiol. Rev. 25, 326 
(1945)). Perhaps the three most useful 
purposes for devising such standards are (1) 
to ward off deficiency diseases, (2) to serve 
as a guide for planning agricultural. policies 
and public health programs, and (3) to in- 


dicate an intake which may serve as a guide 
or reference point in the planning of in- 
dividual dietaries, especially therapeutic 
regimens. 

Leitch (Nutrition Abstr. Rev. 11, 509 
(1942)) has noted that the “survival 
standard,” or an allowance which would 
just ward off starvation, was among the earli- 
est of such standards proposed. The use- 
fulness of such allowances in the planning of 
emergency feedings and in estimating the 
nutritional level of populations is obvious. 

A standard which serves as a guide in the 
planning of agricultural policies or public 
health programs is one which should be 
much to the fore at this time with the active 
international food and agricultural planning 
which is being formulated by the Food and 
Agriculture Organization of the United 
Nations (Nutrition Reviews 4, 8 (1946)). 
For this purpose a standard must be con- 
ceived with a view to the practical problems 
of distribution, food habits, production 
possibilities, and many other factors. It 
may be altered as the determining factors 
change. Ideally, this standard should aim 
at supplying the population with a nutrient 
intake adequate to maintain the population 
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above the zone of impending deficiency 
disease. Such a recommendation can be 
made in terms of a weigated mean or average 
for the population, and Pett (Canad. J. 
Pub. Health 36, 69 (1945); Nutrition Re- 
views 3, 323 (1945)) has argued “it would 
seem better to calculate total food needed on 
a mean or a mode, plus allowances for losses 
on storage and processing, and for uneven 
distribution. Instead of this, calculations 
are being made based on these high figures 
(Recommended Dietary Allowances) for 
nutrient requirements, even though many in 
a population group might need only one- 
third of this amount.” 

Standards like the Food and Nutrition 
Board’s Recommended Dietary Allowances 
are designed to serve as “tentative goals 
towards which to aim in the planning of 
practical dietaries’”’ and may be set at a 
higher level of intake—an intake estimated 
to meet the needs of nearly all individuals. 
A standard of this type is useful in the plan- 
ning of individual diets, especially as a basis 
for estimating adequacy in therapeutic diets 
(see for example Stern, “Applied Dietetics,” 
2nd Edition, p. 5, Williams & Wilkins Co., 
Baltimore (1943)). However, the finding 
that a single diet or that the mean intake of 
a population segment falls short of this 
standard does not prove the presence of 
deficiency diseases (National Research Coun- 
cil Reprint and Circular Series no. 122, p. 14, 
Washington, D. C., August (1945)). 

Pett, Morrell, and Hanley (Canad. J. 
Pub. Health 36, 232 (1945)) have suggested a 
basis for dietary standards which are to be 
used as a part of public health programs. 
Public health workers deal with population 
groups rather than with individuals. Con- 
sequently these Canadian nutritionists rec- 
ommend that such standards should be 
based upon “‘figures obtained from represent- 
ative samples of a suitable size taken from 
populations of the type to which they are to 
be applied ....”’ They emphasize that such 
population standards are useful for public 
health activities but that they must be 
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applied with caution to an individual. It 
is further suggested that “requirements” 
based upon some carefully defined quanti- 
tative end point such as balance studies, 
growth, and the like, should be arranged into 
distribution curves from which probability 
tables can be derived. This latter proposal, 
previously reviewed in this journal (Nu- 
trition Reviews 3, 323 (1945)), appears 
worthy of careful consideration by groups 
responsible for devising allowances. One 
difficulty which is immediately foreseen, 
however, is the definition of the end point. 

The Canadian Council on Nutrition has 
adopted a statement on the construction and 
use of dietary standards (Canad. J. Pub. 
Health 36, 272 (1945)) which is patterned 
largely after the concepts outlined above. 
The resolution was adopted at a critical 
period of world food shortages, and rep- 
resents a formula which might be met dur- 
ing such a period. 

The statement suggests the following 
approximations to be employed to plan food 
supplies: Calories. Moderately active man, 
3000; moderately active woman, 2500. 
Protein. Sufficient to constitute 12 per cent 
of the total calories except that the pro- 
portions should be increased to 15 per cent 
for growing children and for pregnant or 
lactating women. TJron. At least 6 mg. per 
day for men and “young children”; 12 mg. 
per day for women and adolescents. Cal- 
cium. Adults, 0.6 g. per day; children and 
pregnant or lactating women, 1.0 g. per day. 
Vitamyn A. A mean value of 3000 units 
(presumably International) per person per 
day for the entire population. Thiamine. 
Between 0.2 and 0.4 mg. of thiamine for 
each 1000 calories; a mean value of 0.3 mg. 
is proposed. Riboflavin. No recommenda- 
tion is made for children, but 1.5 mg. per 
day is suggested for adults. Vilamin D. 
“There is no proof that adults require this 
vitamin. A supply of 400 to 800 units per 
day would appear to be advisable for all 
children.” Ascorbic acid. Children, 30 mg. 
per day; adults, 50 mg. per day. 
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“It is recognized that humans require 
other nutrients than those listed and pro- 
vision should be made for supplies of iodine, 
phosphorus, and other minerals, for niacin 
and perhaps other nutrients... .”’ 

The inadequacy of knowledge upon which 
to base standards was recognized by the 
Committee. It was recommended that 
“it would be desirable to discontinue the use 
in Canada of the Allowances adopted by the 


Canadian Council of Nutrition in 1942,” 
i.e. the Recommended Dietary Allowances 
of the Food and Nutrition Board of the 
National Research Council. 

The resolution should make nutrition 
workers acutely aware of the need for for- 
mulation of multiple dietary standards, 
each specified for the goal which is to be 
attained. 


THE RELATION OF DIETARY DEFICIENCIES TO THE ORAL STRUCTURES 


The necessity for a detailed examination 
of all oral structures in the determination 
of an individual’s nutritional status has 
been stressed by Schour and Massler 
(Physiol. Rev. 25, 442 (1945). Since the 
oral cavity is a true internal cavity and since 
its tissues vary from the simple, mucous 
membrane to the highly specialized enamel, 
dentin, and the papillae of the tongue, the 
careful examination of these structures 
aids greatly in the evaluation of existing 
systemic conditions. The diagnostic signs 
vary with the particular oral structure, 
its stage of development, and with the 
specific nutritional deficiency. 

In the vitamin A deficient rat, the young 
cells of the odontogenic epithelium fail to 
undergo normal differentiation (Schour, 
Hoffman, and Smith, Am. J. Path. 17, 529 
(1941)). The mature enamel forming cells 
(ameloblasts) become small and disturbed 
in function, resulting frequently in enamel 
hypoplasia. The dentin forming cells on 
the enamel covered surface of the incisor 
remain normal for relatively long periods 
while those on the cementum covered 
surface atrophy and produce atypical dentin, 
lacking the usual tubular arrangement 
(Wolbach and Howe, Ibid. 9, 275 (1933)). 
Boyle (J. Dental Research 13, 39 (1933)) 
observed changes in the enamel organ of a 
tooth germ of a vitamin A deficient infant 
which were similar to those observed in the 
incisor of vitamin A deficient rats. How- 
ever, Bloch (Acta Paediat. 11, 535 (1930)) 


did not observe any dental changes in 45 
children who had had xerophthalmia during 
infancy. In the adult, the oral epithelium 
is the only oral structure known to be 
affected by vitamin A deficiency. Hyper- 
keratosis of the mucosa and possibly also 
of the gingivae occurs. There is no definite 
evidence that caries is increased in vitamin 
A deficiency. 

Most of the oral findings in deficiencies 
of the vitamin B-complex are based on 
clinical observations. A marked sensitivity 
of the oral tissues has been reported in 
thiamine deficiency in man (Mann, Spies, 
and Springer, J. Dental Research 20, 269 
(1941)). In elderly patients who were 
deficient in thiamine, Weisberger (Am. JJ. 
Orthodontics 27, 125 (1941)) observed pin- 
point vesicles resembling herpetic lesions 
on the buccal mucosa, under the tongue, 
and on the palate. 

Ariboflavinosis is characterized in the 
human oral cavity by a magenta area of 
glossitis and cheilosis (Sydenstricker, Am. 
J. Pub. Health 31, 344 (1941)). The glos- 
sitis may vary from a soreness and redden- 
ing at the tip and lateral margins of the 
tongue in a mild deficiency to a complete 
disappearance of the papillae and the de- 
velopment of fissures in a severe deficiency. 
Cheilosis begins as a tiny red painful area 
in the corner of the lips at the muco- 
cutaneous junction and may progress to a 
very painful fissuring. Cheilosis cannot 
be considered characteristic specifically of 
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riboflavin deficiency since its presence may 
depend upon concurrent deficiencies of 
pyridoxine, nicotinic acid, the entire B- 
complex, or iron. Riboflavin may have an 
effect on bone formation as pointed out by 
Warkany and Schraffenberger (J. Nutrition 
27, 477 (1944)) who found congenital 
malformations of the palate and mandible 
of newborn rats of mothers who were 
deficient in riboflavin. Ross (Brit. J. Radiol. 
17, 247 (1944) has reported a type of atrophy 
of the alveolar crest and a loosening of the 
incisors of young men with riboflavin 
deficiency. 

Nicotinic acid deficiency is characterized 
by a typical fiery red area of glossitis which 
disappears rapidly after administration of 
nicotinic acid or its amide. In advanced 
stages the lingual papillae may disappear 
leaving the tongue smooth, dry, and glazed. 
The gums are also attacked, beginning with 
the interdental papillae and progressing 
rapidly, frequently with ulceration. Nico- 
tinic acid deficiency has been produced in 
the dog and is characterized by a glossitis 
and stomatitis similar to those found in 
human pellagra. 

Pyridoxine has been reported by Rosen- 
blum and Jolliffe (J. Am. Med. Assn. 117, 
2245 (1941)) to cure a specific edematous 
magenta glossitis and may be partially re- 
sponsible for the cheilosis observed in 
riboflavin deficiency (Smith and Martin, 
Proc. Soc. Exp. Biol. Med. 43, 660 (1940)). 

There is no record yet of pantothenic 
acid deficiency in man. In pantothenic 
acid deficient dogs, Becks and Morgan 
(J. Periodontology 18, 18 (1942)) have 
observed gingival inflammation, necrosis, 
and desquamation of the oral epithelium, 
accompanied by osteoporosis and marginal 
atrophy of the bone. The clinical and 
histologic appearance of the alveolar changes 
resemble the atrophic type of periodontosis 
observed in man. 

Dentin, alveolar bone, the periodontal 
membrane, and the gingivae are primarily 
involved in ascorbic acid deficiency. In 
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the incisor of the scorbutic guinea pig, the 
disturbed function of the dentin forming 
cells results in an amorphous and irregular 
dentin. Eventually there is a cessation of 
dentin formation. The osteoblasts in the 
alveolar bone lose their ability to form bone 
and the fibroblasts to form collagenous 
fibers. This results in a porous atrophy 
of the alveolar bone. The gingivae of the 
scorbutic guinea pig are congested but no 
pocket formation occurs. Boyle (J. Dental 
Research 14, 172 (1934)) examined the teeth 
of two scorbutic infants but found none of 
the changes characteristic in the developing 
dental tissues of the scorbutic guinea pig. 
Westin (Dental Cosmos 67, 868 (1925)) 
examined the teeth of 18 scorbutic adults. 
He observed no changes in the enamel but 
the pulp was hyperemic, edematous, and 
contained secondary dentin. The odonto- 
blasts showed degeneration and the denti- 
nal tubules had undergone porotic changes. 
The most striking dental effect of vitamin 
C deficiency in man is observed in the con- 
tinuously growing periodontal tissues(Kruse, 
Milbank Memorial Fund Quart. 20, 262 
(1942)). The first sign is hyperemia and 
swelling of the gingivae, which later become 
boggy and denuded of epithelium. The 
capillaries become dilated and engorged 
in mild chronic scurvy. There is a marked 
tendency for atony of the gingival margin, 
with separation from the teeth and pocket 
formation. The swollen gingival collar may 
become covered with small ulcers and 
granulation tissue. Swelling of the perio- 
dontal membrane occurs with rarefaction 
and loss of the alveolar bone. 

Vitamin D deficiency is concerned pri- 
marily with calcium metabolism and the 
calcification of the hard tissues. Wein- 
mann and Schour (Am. J. Path. 21, 821 
(1945)) observed the effect of a diet low in 
vitamin D and phosphorus but high in 
calcium in the calcifying tissues of the rat. 
The calcification of the dentin is incomplete 
in mild deficiencies, resulting in globular 
calcified areas. In more severe deficiencies 
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the dentin matrix continues to be deposited 
but does not calcify. The effect of vitamin 
D supplements on dental caries incidence 
has been the subject of much discussion. 
Mellanby (Med. Res. Council, Special Re- 
port Ser., no. 191 (1934)) has presented 
considerable evidence to suggest a beneficial 
effect of vitamin D therapy, while Day and 
Sedwick (J. Nutrition 8, 309 (1934)) ob- 
served no beneficial effect in older children. 

When rats are maintained on a diet low 
in calcium and phosphorus, there is a 
calcification disturbance in the growing 
dentin and bone, with but little effect on 
calcification in the growing enamel (Gaunt 
and Irving, J. Physiol. 95, 51P (1939)). 
Calcification is resumed if ample vitamin 
D is administered (Irving, Jbid. 103, 9 
(1944)). No evidence has yet been pre- 
sented to establish a relationship between 
calcium and phosphorus consumption and 
the dental caries incidence in man (Malan 


and Ockerse, S. African Dental J. 16, 
158 (1941)). 

The highly controversial issues of the 
relation of fluorides, carbohydrates, and 
the diet to dental disease were discussed 
briefly by Massler and Schour. They 
emphasized the need for further investiga- 
tion of the effect of fluorides, protein, fat, 
and carbohydrate ingestion upon the caries 
incidence and upon the surrounding tissues. 

The full role that nutrition may play in 
the maintenance of normal oral structures 
is not known at present. However, the 
constantly growing oral structures (mucosa, 
tongue, lips, gingivae, and periodontal mem- 
brane) have been shown to be sensitive 
indicators of the systemic effects of nutri- 
tional deficiencies. Thus a careful exam- 
ination of the oral structures should be 
useful in establishing an adequate diagnosis 
of the nutritional status. 


OCULAR DISTURBANCES IN RIBOFLAVIN DEFICIENCY 


That ocular disturbances may occur in 
association with nutritional deficiency has 
long been recognized. In the early descrip- 
tions of pellagra, inflammation of the 
cornea and corneal opacities were mentioned. 
In the earlier period of the study of B- 
vitamin deficiencies, numerous investigators 
referred to eye changes in rats deficient 
in vitamins B, or G. The report by Day, 
Darby, and Langston (J. Nutrition 13, 389 
(1937)) concerning the effect of pure ribo- 
flavin in preventing keratitis, cataract, 
and other ocular manifestations of vitamin 
G deficiency and the later report that severe 
keratitis could be relieved and cataractous 
changes arrested by the administration of 
riboflavin, related the ocular manifestations 
seen in nutritional deficiency to lack of this 
vitamin. Subsequently Bessey and Wol- 
bach (J. Exp. Med. 69, 1 (1939)) called 
attention to vascularization of the cornea 
as a specific and reliable criterion of ribo- 
flavin deficiency in the rat. 


In spite of the numerous reports which 
have appeared since this time, considerable 
controversy still exists as to the specificity 
of ocular manifestations as an index of 
riboflavin deficiency in man. The well 
known reports by Spies and associates, 
by Sydenstricker and co-workers, and by 


Kruse, Sydenstricker, Sebrell, and Cleckley 


(Pub. Health Reports 55, 157 (1940)) need 
not be reviewed here. Ophthalmologists, 
in particular, have refused to accept the 
alleged specificity of various ocular changes 
which have been attributed to riboflavin 
deficiency, pointing out that similar or 
identical lesions can be observed under a 
great variety of circumstances and may be 
encountered even in persons who take satis- 
factory diets. In this connection attention 
may be called to the studies reviewed some 
time ago (Nutrition Reviews 2, 120 (1944); 
3, 219 (1945)). 

In a new report Spies, Perry, Cogswell, 
and Frommeyer (J. Lab. Clin. Med. 30, 
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751 (1945)) give an account of observations 
made at the Nutrition Clinic of the Hillman 
Hospital in Birmingham, Alabama. This 
report is based on a study of 500 specially 
selected cases. The criteria for selection 
of the patients were: (1) a history of the 
ingestion of a diet inadequate in riboflavin; 
(2) evidence that there existed no apparent 
means of changing the diet significantly for 
a number of years; (3) the history of one or 
more of the following symptoms: burning 
and itching of the eyes, failure of visual 
acuity, photophobia, lacrimation, conjunc- 
tivitis, or night blindness; and (4) ocular 
lesions characterized by abnormal dilatation 
of conjunctival and corneal blood vessels 
and, in many instances, by corneal ulcera- 
tion. These cases did not include those 
in which some organic disease existed nor 
even those patients who had clinical ev- 
idence of advanced beriberi, pellagra, or 
scurvy since, in the latter, they had ob- 
served that treatment of one of these co- 
existent deficiencies might affect the natural 
course of the ocular lesions and their response 
to riboflavin therapy. The report is con- 
cerned, in particular, with 300 cases with 
severe eye involvement in each of which 
riboflavin was given at least once intra- 
venously and often many times orally. 
Repeated detailed studies of the diets 
of these patients confirmed the opinion that 
they were deficient. By comparison with 
the recommended allowances of the National 
Research Council the content of riboflavin 
was only 36 per cent of the recommended 
amount. Common among these individuals 
were symptoms such as weakness and fati- 
gability, nervousness, insomnia, headache, 
burning and aching of the legs and feet, 
burning and cramping of the stomach, 
constipation, burning of the skin over 
various parts of the body, itching and 
burning of the eyes, and failing vision. 
Fully half of the patients had cheilosis at 
some time during the years they were ob- 
served but its degree ranged considerably. 
Magenta colored tongues were rare and so 
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was desquamation around the nasolabial 
folds. Ocular manifestations frequently oc- 
curred in the absence of cheilosis, and vice. 
versa. The visual symptoms in practically 
all the patients were heralded by the feeling 
of dryness of the eyes which was followed 
by burning and itching, sometimes by 
photophobia and lacrimation. Conjunc- 
tivitis was sometimes the sole manifestation 
and was shown by increased visibility of 
the vessels of both the bulbar and palpebral 
conjunctivas, apparently due to congestion 
and dilatation. Small vessels were observed 
to encroach on the cornea at the scleral 
corneal junction. Interstitial keratitis was 
observed in 60 per cent of the patients and 
corneal ulceration in at least one eye in 53 
per cent. In all cases an effort was made 
to eliminate other etiologic disorders such 
as vernal conjunctivitis, foreign bodies in 
the cornea, xerophthalmia, and such dis- 
ease of the uveal tract as iritis due to syph- 
ilis, tuberculosis, and rheumatic fever. 
Three case reports are given in detail which 
describe the dramatic effects occurring 
following the administration of riboflavin 
in individuals who showed pronounced 
ocular manifestations including exception- 
ally severe photophobia. These are well 
illustrated in color photographs. 

Within forty-eight hours after beginning 
therapy there was some subjective im- 
provement in all patients. The degree of 
improvement volunteered in 80 per cent 
of the cases is described as remarkable. 
Within this period, a diminution in the 
caliber of the dilated vessels in the eyes and 
a striking decrease in the photophobia and 
corneal ulcerations was observed. Accom- 
panying this improvement was a decrease 
of hemolytic staphylococci, streptococci, 
and xerosis bacilli in the exudate from the 
eyes. Relief of pain occurred in these 
cases and vision was improved. As many 
as 72 per cent of the patients were able to 
return to work after months or years of 
idleness. Although 84 per cent of the 
patients have had recurrences, this is 


& 


1946) NUTRITION REVIEWS 45 


attributed to cessation of riboflavin therapy 
and to a return to the previous inadequate 
diet. 

The authors state that they do not know 
what specific ocular symptoms and lesions 
are caused by riboflavin. Nevertheless 
they say that riboflavin deficiency gives 
rise to ocular lesions and that a great many 
persons are affected. Such lesions may 
occur in either sex and probably at any age, 
they may be unilateral or bilateral, and 
they may or may not be associated with 
clinical evidence of other deficiency syn- 
dromes. Recognizing that no changes in 
the eye seem to be specific they regard the 
response to riboflavin as the most im- 
portant diagnostic measure in the determi- 
nation of the etiology of the ocular disease. 
They suggest that most inflammatory dis- 
orders may be benefited to some degree by 
an excess supply of riboflavin to the or- 
ganism. It is admitted, however, that 
this impression may be highly colored by 
the fact that most of the patients they 


observed came from an area where nu- 
tritional disorders are, in general, endemic. 

This report does not resolve the con- 
troversy as to the specificity of ocular 
manifestations as evidences of riboflavin 
deficiency in man. In fact, one might 
gather that eye changes are not at all 
specific and that only a therapeutic test can 
determine a possible relationship to such 
deficiency. The lack of suitable objective 
methods for demonstrating the existence 
of riboflavin deficiency makes it necessary 
to depend on the post hoc, ergo hoc type of 
evidence. This report makes all the more 
evident the need for thoroughly controlled 
studies of riboflavin deficiency in man and 
for the discovery of objective and specific 
methods for studying such deficiency. The 
extraordinary improvement described in 
eye conditions which many clinicians would 
attribute to poor hygiene, chronic infection, 
and various other local factors, emphasizes 
the importance of the subject. 


ABSORPTION OF THE THIAMINE OF YEASTS 


Over a decade ago Walker and Nelson 
(Am. J. Physiol. 103, 25 (1933)) demon- 
strated that rats could not utilize the thi- 
amine of fresh yeast as well as that of 
dried yeast. Parsons and Collord (J. Am. 
Dietet. Assn. 18, 805 (1942)) and Parsons 
and co-workers (Federation Proceedings 1, 
129 (1942)) have reported that the same 
is true for man. New studies of this 
subject have since been made, in which 
some yeasts have been compared in man 
and the rat. 

Parsons, Williamson, and Johnson (J. 
Nutrition 29, 378 (1945)) have reported 
experiments on human subjects, which 
show that some compressed bakers’ yeasts 
when fed fresh to human subjects are 
poorly utilized as a source of thiamine. 
Boiling the yeasts for periods up to two 
minutes made the thiamine much more 
readily available. Whereas in the fresh 


state the yeasts caused a large increase in 
the fecal thiamine output, and little change 
or perhaps a decrease in the urinary output 
of thiamine, after boiling, the yeasts caused 
a marked increase in the urinary output of 
thiamine and only relatively slight increase 
in the fecal output. 

On the other hand, some fresh yeasts 
permitted a higher utilization of contained 
thiamine, as is judged by the increase 
in urinary excretion following the ingestion 
of the yeast. The data presented are too 
sparse and too variable to permit any 
generalization to be drawn, other than that 
the boiling of yeasts does make the thiamine 
more available. 

Rat experiments on these same yeasts, 
together with other samples not tested on 
man, were reported by Parsons, Foeste, 
and Gilberg (J. Nutrition 29, 383 (1945)) 
and were in general agreement with the 
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751 (1945)) give an account of observations 
made at the Nutrition Clinic of the Hillman 
Hospital in Birmingham, Alabama. This 
report is based on a study of 500 specially 
selected cases. The criteria for selection 
of the patients were: (1) a history of the 
ingestion of a diet inadequate in riboflavin; 
(2) evidence that there existed no apparent 
means of changing the diet significantly for 
a number of years; (3) the history of one or 
more of the following symptoms: burning 
and itching of the eyes, failure of visual 
acuity, photophobia, lacrimation, conjunc- 
tivitis, or night blindness; and (4) ocular 
lesions characterized by abnormal dilatation 
of conjunctival and corneal blood vessels 
and, in many instances, by corneal ulcera- 
tion. These cases did not include those 
in which some organic disease existed nor 
even those patients who had clinical ev- 
idence of advanced beriberi, pellagra, or 
scurvy since, in the latter, they had ob- 
served that treatment of one of these co- 
existent deficiencies might affect the natural 
course of the ocular lesions and their response 
to riboflavin therapy. The report is con- 
cerned, in particular, with 300 cases with 
severe eye involvement in each of which 
riboflavin was given at least once intra- 
venously and often many times orally. 
Repeated detailed studies of the diets 
of these patients confirmed the opinion that 


they were deficient. By comparison with — 


the recommended allowances of the National 
Research Council the content of riboflavin 
was only 36 per cent of the recommended 
amount. Common among these individuals 
were symptoms such as weakness and fati- 
gability, nervousness, insomnia, headache, 
burning and aching of the legs and feet, 
burning and cramping of the stomach, 
constipation, burning of the skin over 
various parts of the body, itching and 
burning of the eyes, and failing vision. 
Fully half of the patients had cheilosis at 
some time during the years they were ob- 
served but its degree ranged considerably. 
Magenta colored tongues were rare and so 
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was desquamation around the nasolabial 
folds. Ocular manifestations frequently oc- 
curred in the absence of cheilosis, and vice. 
versa. The visual symptoms in practically 
all the patients were heralded by the feeling 
of dryness of the eyes which was followed 
by burning and itching, sometimes by 
photophobia and lacrimation. Conjunc- 
tivitis was sometimes the sole manifestation 
and was shown by increased visibility of 
the vessels of both the bulbar and palpebral 
conjunctivas, apparently due to congestion 
and dilatation. Small vessels were observed 
to encroach on the cornea at the scleral 
corneal junction. Interstitial keratitis was 
observed in 60 per cent of the patients and 
corneal ulceration in at least one eye in 53 
per cent. In all cases an effort was made 
to eliminate other etiologic disorders such 
as vernal conjunctivitis, foreign bodies in 
the cornea, xerophthalmia, and such dis- 
ease of the uveal tract as iritis due to syph- 
ilis, tuberculosis, and rheumatic fever. 
Three case reports are given in detail which 
describe the dramatic effects occurring 
following the administration of riboflavin 
in individuals who showed pronounced 
ocular manifestations including exception- 
ally severe photophobia. These are well 
illustrated in color photographs. 

Within forty-eight hours after beginning 
therapy there was some subjective im- 
provement in all patients. The degree of 
improvement volunteered in 80 per cent 
of the cases is described as remarkable. 
Within this period, a diminution in the 
caliber of the dilated vessels in the eyes and 
a striking decrease in the photophobia and 
corneal ulcerations was observed. Accom- 
panying this improvement was a decrease 
of hemolytic staphylococci, streptococci, 
and xerosis bacilli in the exudate from the 
eyes. Relief of pain occurred in these 
cases and vision was improved. As many 
as 72 per cent of the patients were able to 
return to work after months or years of 
idleness. Although 84 per cent of the 
patients have had recurrences, this is 
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attributed to cessation of riboflavin therapy 
and to a return to the previous inadequate 
diet. 

The authors state that they do not know 
what specific ocular symptoms and lesions 
are caused by riboflavin. Nevertheless 
they say that riboflavin deficiency gives 
rise to ocular lesions and that a great many 
persons are affected. Such lesions may 
occur in either sex and probably at any age, 
they may be unilateral or bilateral, and 
they may or may not be associated with 
clinical evidence of other deficiency syn- 
dromes. Recognizing that no changes in 
the eye seem to be specific they regard the 
response to riboflavin as the most im- 
portant diagnostic measure in the determi- 
nation of the etiology of the ocular disease. 
They suggest that most inflammatory dis- 
orders may be benefited to some degree by 
an excess supply of riboflavin to the or- 
ganism. It is admitted, however, that 
this impression may be highly colored by 
the fact that most of the patients they 


observed came from an area where nu- 
tritional disorders are, in general, endemic. 

This report does not resolve the con- 
troversy as to the specificity of ocular 
manifestations as evidences of riboflavin 
deficiency in man. In fact, one might 
gather that eye changes are not at all 
specific and that only a therapeutic test can 
determine a possible relationship to such 
deficiency. The lack of suitable objective 
methods for demonstrating the existence 
of riboflavin deficiency makes it necessary 
to depend on the post hoc, ergo hoc type of 
evidence. This report makes all the more 
evident the need for thoroughly controlled 
studies of riboflavin deficiency in man and 
for the discovery of objective and specific 
methods for studying such deficiency. The 
extraordinary improvement described in 
eye conditions which many clinicians would 
attribute to poor hygiene, chronic infection, 
and various other local factors, emphasizes 
the importance of the subject. 


ABSORPTION OF THE THIAMINE OF YEASTS 


Over a decade ago Walker and Nelson 
(Am. J. Physiol. 103, 25 (1933)) demon- 
strated that rats could not utilize the thi- 
amine of fresh yeast as well as that of 
dried yeast. Parsons and Collord (J. Am. 
Dietet. Assn. 18, 805 (1942)) and Parsons 
and co-workers (Federation Proceedings 1, 
129 (1942)) have reported that the same 
is true for man. New studies of this 
subject have since been made, in which 
some yeasts have been compared in man 
and the rat. 

Parsons, Williamson, and Johnson (J. 
Nutrition 29, 373 (1945)) have reported 
experiments on human subjects, which 
show that some compressed bakers’ yeasts 
when fed fresh to human subjects are 
poorly utilized as a source of thiamine. 
Boiling the yeasts for periods up to two 
minutes made the thiamine much more 
readily available. Whereas in the fresh 


state the yeasts caused a large increase in 
the fecal thiamine output, and little change 
or perhaps a decrease in the urinary output 
of thiamine, after boiling, the yeasts caused 
a marked increase in the urinary output of 
thiamine and only relatively slight increase 
in the fecal output. 

On the other hand, some fresh yeasts 
permitted a higher utilization of contained 
thiamine, as is judged by the increase 
in urinary excretion following the ingestion 
of the yeast. The data presented are too 
sparse and too variable to permit any 
generalization to be drawn, other than that 
the boiling of yeasts does make the thiamine 
more available. 

Rat experiments on these same yeasts, 
together with other samples not tested on 
man, were reported by Parsons, Foeste, 
and Gilberg (J. Nutrition 29, 383 (19445)) 
and were in general agreement with the 
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observations on human subjects. Out of 
eight samples of fresh yeast tested, the 
thiamine in six samples was largely un- 
available, but was rendered available by 
boiling the yeast and treating it with alcohol. 
Freezing the yeast for twenty-four hours 
had no effect on the availability of the 
thiamine. 

Hochberg, Melnick, and Oser (J. Nuéri- 
tion 30, 201 (1945)) also report the low 
availability of the thiamine of one of the 
samples of yeast studied by Parsons, 
Williamson, and Johnson using the human 
bioassay technic of Melnick, Hochberg, 
and Oser (Ibid. 30, 67 (1945)). With five 
assay subjects, the average excretion of 
ingested thiamine over and above the basal 
level was 5.2 per cent when a certain 
quantity of thiamine in live yeast was fed. 
When the same level of thiamine was fed 
in the form of a pure solution 31 per cent 
was excreted, and from these deta the 
authors calculate by simple proportion that 
the “physiological availability’ of the 
thiamine in their yeast sample is 17 per 
cent. It must however be pointed out that 
their subjects responded differently in the 
yeast test, and the variation in proportion of 
the yeast dose excreted was so great that 
actually the figure of 17 per cent does not 
differ significantly from zero. 

In vitro experiments seeking some ex- 
planation of the low availability of thiamine 
in live yeasts were also conducted by Hoch- 
berg, Melnick, and Oser. They showed 
that in different yeast samples, the fractions 
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of the thiamine which were excreted in the 
free and in the phosphorylated forms varied 
widely. In two samples of “regular yeast’’ 
about 90 per cent of the thiamine was phos- 
phorylated, while in three samples of 
“high vitamin yeast” the percentages of 
thiamine in the phosphorylated form were 
17, 76, and 77 respectively. Further, they 
demonstrated that thiamine added to a 
suspension of ‘‘regular”’ yeast was completely 
absorbed by the yeast cells in six hours at 
body temperature and also was almost com- 
pletely phosphorylated. On the other hand 
the “high vitamin” yeast in which only 17 
per cent of the thiamine was phosphorylated 
absorbed only about half of the pure 
thiamine added to a suspension under similar 
conditions in the same time, and only about 
one third of the absorbed thiamine was 
phosphorylated. 

This “high vitamin yeast’ was the 
sample used in the human assay study, so 
it is evident that even the free thiamine in 
the yeast cells was largely unavailable; 
whereas 83 per cent of the thiamine was in 
the free form, only 17 per cent of the total 
thiamine was available. 

This study and those of Parsons and co- 
workers indicate that thiamine, free or 
phosphorylated, does not freely diffuse out 
of yeast cells, and that a large proportion of 
live yeast cells ingested by man passes 
throngh the intestinal tract without com- 
plete digestion, probably without rupture 
of the cell membrane. 


CLINICAL MANIFESTATIONS OF DIETARY INADEQUACY IN A RURAL 
POPULATION 


A series of nutrition surveys conducted 
under the auspices of the North Carolina 
State Board of Health, Duke University 
School of Medicine, and the International 
Health Division of the Rockefeller Founda- 
tion, have been discussed in this journal 
(Nutrition Reviews 3, 106, 210 (1946)). 
Another report by Darby and Milam 


(Am. J. Pub. Health 35, 1014 (1945)) has 
for its subject the prevalence of certain 
clinical manifestations, sometimes ascribed 
to dietary inadequacy, and their relation- 
ship to other evidence of dietary inadequacy. 
The methods, procedures, and character- 
istics of the subjects were described pre- 
viously. 
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Considerable deviations from normal 
figures were found in incidence of children 
10 pounds underweight or overweight for 
height and age, and of adults who de- 
viated from the standards by +20 pounds. 
Overweight was three or four times as 
prevalent in adults as in children and 
occurred in some 15 to 20 per cent of the 
adult population. It affected relatively 
more women than men. 

Significant clinical evidence of protein defi- 
ciency was not found, and this was borne out 
by the studies of plasma protein. Hemo- 
globin values of less than 12 g. per 100 ml. 
occurred in about 20 per cent of the white 
children and 60 per cent of the Negro 
children. Somewhere around 10 per cent 
of white women and 20 per cent of Negro 
women had anemia not explained by any 
of the common causes, but not necessarily 
dietary. Since only 1 per cent of the men 
had anemia one would suspect menstrual 
blood loss as the most probable causative 
factor in the women’s anemia. Obviously, 
however, improved nutrition might reason- 
ably prevent anemias of such origin. 

A comparison of people with and without 
corneal vascularization and changes in the 
limbic plexus revealed no indication that 
a high or low riboflavin intake was related 
to such changes in children or adults. 
Angular fissures, changes in the buccal 


mucosa and tongue were similarly unrelated 
to riboflavin intake. Pellagra was not 
found. Sometimes the tongue had various 
trivial aberrations in hypertrophy or flatten- 
ing of certain papillae, but the effect of 
local trauma was not eliminated as a cause. 
Abnormalities in perception of vibration 
were detected in adults only. There was 
no striking relationship to low thiamine 
intake. Gingivitis, which was found in 
about half of the adults but in relatively 
few children, was associated with poor oral 
hygiene rather than with low plasma ascorbic 
acid levels. The latter condition might 
of course represent a more transitory 
condition. Skin lesions such as keratosis 
pilaris and acneform eruptions showed no 
correlation with low plasma vitamin A or 
low daily intake of vitamin A. 

The data presented do not support the 
contention of some investigators that the 
clinical signs seen in early cases of vitamin 
deficiency are specific indexes of such de- 
ficiency in a population of good general 
nutritional status. This dilemma will not 
be fully resolved until the natural history 
of such signs is followed in a controlled 
experiment on human subjects and _ is 
combined with an investigation of the 
role of everyday minor trauma in producing 
similar signs and symptoms. 


PLASMA PROTEIN PRODUCTION AND INTRAVENOUS ALIMENTATION 


In spite of much investigation of the 
subject the perfect blood plasma _ sub- 
stitute has not yet been found and wholly 
satisfactory methods for intravenous ali- 
mentation in human subjects have not been 
worked out. Nevertheless considerable 
progress in both these directions has been 
made as indicated by several reports. 

Madden and co-workers (J. Exp. Med. 
82, 181 (1945)) report observations in a 
plasma depleted dog, maintained under 
_ standard conditions, which was given various 
protein digests. They are seeking to obtain 


a “perfect”? plasma substitute which they 
define as a substance which furnishes 
materials out of which the body can build 
its own plasma proteins. Five different 
digests were used. One was a _ papain 
digest of commercial casein containing 
12.5 per cent nitrogen by dry weight; 
another was a papain digest of fresh beef 
serum. Two digests used are better known, 
one being an acid hydrolysate of casein 
supplemented with tryptophane and the 
other an enzymatic digest of casein and 
pork pancreas. The fifth product was a 
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mixed acid and alkali hydrolysate of glycinin 
from soybean. 

The papain digest of casein proved to be 
the most efficient of the five substances 
used. The papain digest of serum was 
somewhat better tolerated by vein than 
the similar digest of casein but was not so 
well used. Orally these digests were about 
equal. The acid hydrolysate of casein 
appeared to be inadequate or even to be an 
inhibiting material for plasma protein pro- 
duction even when it was fortified with 
cysteine in addition to tryptophane. The 
enzymatic casein digest permitted plasma 
protein production but was not adequate 
for maintaining weight. The glycinin digest 
appeared to be useless for nitrogen metab- 
olism. 

It is of interest that a large excess of red 
cells appeared to be effective in plasma 
protein production. This finding contra- 
dicts an earlier report (Madden, Noehren, 
Waraich, and Whipple, J. Exp. Med. 69, 
721 (1939)). It is suggested that the 
amounts of hemoglobin tested in the earlier 
study were so small that a beneficial effect 
could not be detected. 

These observations need to be extended 
and confirmed, for two of the digests which 
made a poor showing are being widely used 
in clinical practice. Thus one was em- 
ployed in a study reported by Kozoll, 
Hoffman, and Meyer (Arch. Surgery 61, 
59 (1945)) who described the results of 
parenteral injections of amino acids as the 
only source of protein in cases of obstructing 
lesions of the esophagus or stomach. Pos- 
itive nitrogen balance was achieved in 13 
of 14 cases when amounts between 60 and 
90 g. per day were given. However, the 
serum protein concentration rose during 
treatment in only 4 cases, remaining sta- 
tionary in 2, and falling in 8 others. The 
serum albumin concentration rose in 6 
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cases and declined in 8. These changes 
may, of course, be accounted for by the 
effects of hemodilution and various other 
factors unrelated to plasma protein pro- 
duction. 

As a rule in clinical observations intra- 
venous alimentation has been carried out 
for several days or, at most, for only one or 
two weeks. It is difficult under such con- 
ditions to evaluate the effects, for many 
factors operate at the same time. From 
this standpoint, therefore, the report of 
successful intravenous nutrition for eight 
weeks by Brunschwig, Bigelow, and Nichols 
(J. Am. Med. Assn. 129, 441 (1944)) is of 
special interest. For a period of fifty-five 
days a patient with several fistulas in the 
small bowel received daily intravenous 
injections consisting of 1500 ml. of 10 per 
cent dextrose in saline solution and 1000 ml. 
of 5 per cent enzymatic digest of casein in 
5 per cent dextrose, a total of 980 calories, 
and 13.5 g. of sodium chloride. This was 
supplemented with water soluble vitamins 
and vitamin K hypodermically at intervals. 
No food was given by mouth. On several 
days gelatin solution in saline was sub- 
stituted for dextrose and casein digest, 
and a total of five blood transfusions was 
also given. Nitrogen balance studies made 
for a period of five days revealed a negative 
balance amounting to 0.78 g. daily. Al- 
though nutrition was not entirely adequate, 
the intravenous therapy made it possible 
to maintain the bowel at rest. The dis- 
charge from the fistulas became greatly 
reduced and considerable healing took place. 
Judging from their general experience, the 
writers state that the patient would not have 
been expected to remain in as good con- 
dition as he did and to undergo successfully 
the operative procedures which were carried 
out had there been no benefit from the 
intravenous nutrition. 


THE DIETARY ROLE OF HISTIDINE 


Rose and Cox (J. Biol. Chem. 61, 747 
(1924)) found that immature rats lost 


weight on diets in which the protein moiety . 
was replaced by casein hydrolysates from 


| 
q 
4 


1946) NUTRITION REVIEWS 49 


which histidine was partly removed by 
silver salts. Later, other workers found 
such animals to maintain or even gain 
weight when similar diets were used. Like- 
wise when amino acid mixtures have been 
substituted for the protein moiety of the 
diet the results of the experiments as to 
the essentiality of histidine have been con- 
tradictory. 

Albanese and Frankston (Bull. Johns 
Hopkins Hosp. 77, 61 (1945)) report studies 
in which immature and adult rats, paired 
for weight and sex, were fed one of three 
diets. One contained nineteen crystalline 
amino acids, another the same amino acids 
supplemented with histidine, and the third, 
an enzymatic hydrolysate of protein. The 
amino acids made up 24 per cent of the first 
two diets but the protein fraction of the third 
represented only 17 per cent of the whole. 
The B-vitamins were supplied in the form 
of brewers’ yeast which yielded approxi- 
mately 1.5 mg. of histidine per day. Since 
the animals on the histidine-deficient diet 
had poor appetites, the control animals 
were restricted in their intake to 5 g. of food 
per day for the young rats and 10 g. per day 
for adult animals. Even then, the animals 
receiving the deficient diet rarely consumed 
as much as those given the control diet. 

Definite differences were observed in the 


growth of the immature rats receiving his- 
tidine as compared with those not given 
this amino acid. Likewise, weight main- 
tenance was definitely impaired in adult 
rats not receiving histidine. These differ- 
ences were noticeable even after one week 
on the respective diets but were much more 
pronounced after three and four weeks. In 
rats receiving the control amino acid diet, 
removal of histidine was associated with a 
sharp fall in weight, and in rats growing 
poorly on a histidine deficient diet the addi- 
tion of this amino acid caused a sharp rise. 
These data furnish rather clear evidence 
of the need for this amino acid under the 
condition of these experiments. 

Another observation of interest is the 
fact that animals fed the diet containing the 
protein hydrolysate grew almost twice as 
fast as those on the amino acid mixture 
supplemented with histidine, even though 
the latter diet contained 20 per cent more 
of the natural amino acids. The explana- 
tion for this difference was not revealed 
in these experiments but several suggestions 
are offered—namely, inhibition of growth 
by some of the unnatural forms of the amino 
acids, an unsatisfactory ratio in the pro- 
portion of the various forms of the amino 
acids, or, finally, failure to include in the 
diet some as yet unidentified amino acid. 


BRONZED PIGMENTATION ASSOCIATED WITH ADMINISTRATION OF 
CHOLINE 


Deserving of further interest and investi- 
gation is the peculiar bronzing of the hair 
observed by Higgins, Joneson, and Mann 
(Proc. Staff Meetings Mayo Clinic 20, 320 
(1945)) in a large percentage of rats given 
choline chloride. A reddish brown pigment 
first appeared in the hair around the base of 
the tail of the animals within a few days after 
administration of choline was begun, and 
gradually extended forward to involve the 
entire animal after two or three weeks. 
This unexpected effect was observed in rats 
fed a purified diet containing 72 per cent 
sucrose, as well as vitamin free casein, corn 


oil, salt mixture, and the various B-vitamins 
together with vitamins A and D. The 
amount of choline consumed per day was 
approximately 160 mg. 

When the bronzing had become well 
marked, brewers’ yeast was fed to half of 
the animals. In spite of the fact that they 
continued to eat the high sucrose ration and 
to take choline, the bronzing of the hair 
lessened within a few days, and in two weeks 
normal hair color patterns reappeared. The 
animals not getting yeast continued to show 
marked bronzing. Further experiments 
with various diets revealed that within 
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three days young rats eating a high protein 
ration (40 per cent) began to bronze and 
within five days those eating the high su- 
crose ration did the same. When yeast 
supplemented the high protein diet no 
bronzing occurred at all and when yeast 
was added to the high sucrose ration only 
slight bronzing took place. Rats receiving 
a high sucrose diet together with dried liver 
bronzed extensively, whereas those eating 
a high protein diet fortified by liver did not 
bronze at all. 

Further study revealed that when dextrin 
replaced sucrose as the source of carbohy- 
drate, no bronzing occurred. When this 
diet was then modified so that half the ani- 
mals received sucrose instead of dextrin 
these became bronzed as in the previous 
experiments. Changing the diet to contain 
20 per cent corn oil instead of 4 per cent had 
no influence on the bronzing provided 
sucrose as high as 56 per cent remained in 
the diet. 

All of these effects were noted in young 
male rats. In adult male rats weighing 
more than 250 g., the administration of 150 
to 200 mg. of choline failed to produce 
bronzing even when they were fed diets 
high in sucrose. Unfortunately the effect 
of an amount of choline similar in propor- 
tion to body weight as that given the young 
rats was not tested. 
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. Since, according to the observations of 
Richter and Rice (Am. J. Physiol. 143, 
344 (1945)), weanling rats can obtain 
B-vitamins by consuming the feces from 
normal animals, weanling rats were allowed 
to take the feces of the bronzed animals. 
Within two or three days these rats like- 
wise became bronzed, regardless of whether 
they were fed the purified high sucrose 
diet or some other diet. Those eating feces 
of animals fed the high protein diet fortified 
with yeast or with liver did not become 
bronzed, nor did bronzing occur when they 
were fed the feces of rats receiving dextrin 
instead of sucrose. 

The common denominator in these ob- 
servations seems to be a diet high in sucrose. 
Less effective in permitting bronzing to 
occur was a high protein diet. Neither a 
high carbohydrate diet as such, when dextrin 
was the carbohydrate, nor a high fat diet 
led to bronzing. Yeast and liver were 
protective. It seems, therefore, that some 
gastrointestinal factor formed through su- 
crose and choline which can be neutralized 
by yeast or liver is involved. It will de of 
interest to see what further investigation 
discloses regarding the nature and source 
of the pigment, the histopathologic changes 
produced in the skin, and the influence on 
intestinal microorganisms that may be 
exerted by the intake of large amounts of 
choline chloride. 


PERIPHERAL NEURITIS AND DIABETES 


In view of the alleged relationship of thia- 
mine deficiency to peripheral neuritis, var- 
ious investigators have sought to determine 
the role of thiamine in the peripheral neuritis 
which is not uncommonly encountered in 
cases of diabetes. It has been suggested, 
for example, that the requirement for this 
vitamin may be raised in diabetes, thus 
producing a relative deficiency of thiamine 
(Rudy and Epstein, J. Clin. Endocrinology 5, 
92 (1945)). This would seem unlikely for, 
in diabetes, the metabolism of carbohy- 


drate is impaired and reduced, and one would 
expect that the thiamine requirement would 
be decreased rather than raised. Since the 
symptoms of neuritis may appear after the 
diabetic patient has been placed on insulin 
therapy, others have suggested that it is 
the increased utilization of carbohydrate 
when insulin is given which produces a 
relative increase in requirement for thiamine, 
thus precipitating a deficiency state. 
Lowry and Hegsted (J. Lab. Clin. Med. 
30, 839 (1945)) undertook to study the prob- 
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lem experimentally by producing diabetes 
in rats with alloxan. In adult male rats 
weighing between 250 and 350 g., alloxan 
was injected subcutaneously at repeated 
intervals until the urine showed a consistent 
reaction to Benedict’s solution. Once this 
state was established it persisted. Follow- 
ing the injection of alloxan, all the animals 
suffered an immediate sharp fall in weight 
but subsequently tended to maintain them- 
selves at a new lower level. These rats were 
divided into two groups. One, consisting 
of 7 animals, was fed a thiamine deficient 
diet composed of 74 per cent sucrose, 18 
per cent casein, and 4 per cent fat, together 
with salt mixture, the various crystalline 
B-vitamins, and vitamins A and D. The 
second group of 4 diabetic animals received 
the same diet plus 1 mg. of thiamine per 100 
g. of ration. A nondiabetic control group 
consisted of 7 rats which were given the 
thiamine deficient diet. 

The alloxan treated rats which received 
thiamine remained in good health although 
they showed the marked increase in con- 
sumption of both food and water which 
would be expected from their diabetic state. 
Their weight remained at a comparatively 
steady level. On the other hand, the rats 
made diabetic but not given thiamine seemed 
listless, lost their appetite almost completely, 
and suffered a marked and continuous fall in 
weight. Water consumption declined and 
urinary sugar dropped slightly. Similar 
symptoms were observed in the nondiabetic 
animals receiving no thiamine. When death 
in these animals appeared imminent after 
approximately two weeks, both the diabetic 
animals and the controls were given thia- 
mine. This was followed by immediate al- 
leviation of the symptoms. 

Differences in weight gain following the 
intraperitoneal injection of thiamine chloride 
served as a means for comparing the thia- 
mine requirement of the diabetic and the con- 
trol animals. The data indicated that the 
thiamine requirement of the diabetic animals 
was actually less than that of the controls, 


for the average responses of the two groups 
to different levels of thiamine administration 
were much better in the diabetic animals. 
This is to be expected for it is well known 
that both fat and protein have a thiamine- 
sparing action. On the basis of data sup- 
plied by Wainio (J. Nutrition 24, 317 
(1942)), it was estimated that the thiamine 
requirement of the diabetic animals was ap- 
proximately 12 per cent less than that of the 
control animals. Furthermore, unless one 
assumes that their requirement for thiamine 
was even lower than this figure indicates, it 
is noteworthy that the marked and pro- 
longed diuresis in the diabetic animals did 
not “‘wash out” the body store of thiamine. 

The investigators also calculated the 
amount and composition of the food actually 
metabolized by the diabetic animals by 
measuring sugar excretion and urinary and 
fecal nitrogen in addition to measuring the 
food intake. The sum of the fat eaten, the 
protein equivalent to the urinary nitrogen, 
and the carbohydrate eaten less the sugar 
excreted in the urine, were taken to repre- 
sent the amount and composition of food 
actually metabolized. By sucha calculation 
it was determined that the caloric require- 
ment in the diabetic animals was approx- 
imately the same as in the normal ones. In 
order to compensate for the continuous 
excretion of sugar the diabetic animals ate 
approximately twice as much food as the 
normal rats. The composition of the diet 
actually metabolized was approximately 8 
per cent fat and 36 per cent protein, as com- 
pared with 4 per cent fat and 18 per cent 
protein in the controls. 

These data are of great interest from the 
standpoint of thiamine requirements. As 
the investigators themselves recognize, they 
cannot be applied directly to human pa- 
tients. Alloxan diabetes differs from that 
found in human beings, particularly in that 
animals so treated can survive without pro- 
tection by insulin. In regard to the patho- 
genesis of peripheral neuritis, the problem 
which stimulated this study, no answer was 
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obtained, nor could one have been expected 
since it remains to be shown that thiamine 
deficiency produces peripheral neuritis in 
rats. The neurologic disturbances encoun- 
tered in diabetes are complicated. As the 
paper by Rudy and Epstein indicates, dia- 
betic patients may be found to have 
symmetrical or asymmetrical signs of periph- 
eral neuritis. There may be indications of 
disturbances in the spinal cord or brain and 
the function of the urinary bladder may be 
impaired, as occurs in tabes due to syphilis. 
These symptoms may be encountered in all 
stages of diabetes, and may become even 
more marked after the metabolic disorder 
has been regulated. Their cause is unknown 
but vitamin deficiency must be given serious 
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consideration among possible etiologic fac- 
tors. Yet in 27 out of 93 cases, Rudy and 
Epstein found the diet to have been adequate 
in vitamins. It has been suggested that 
these symptoms are the result of a “con- 
ditioned deficiency,’”’ dependent on some 
metabolic disturbance rather than due to a 
failure to consume the needed vitamins. 
Other signs suggestive of nutritional defi- 
ciency were encountered in 41 of the previ- 
ously mentioned series of cases. These 
included cheilosis, tongue changes, gingivitis, 
and pellagrous skin lesions. Unfortunately 
it is not stated whether these were observed 
in patients whose diets had been poor. The 
subject is deserving of careful and critical 
study. 


POWDERED STOMACH IN TREATMENT OF MALNOURISHED INFANTS 


Since the introduction of the several frac- 
tions of the vitamin B-complex, therapy 
has been influenced by the use of individual 
compounds rather than by use of the source 
material. Few reports stress the use of 
yeast, liver extracts, or stomach prepa- 
rations, although in view of the multiplicity 
of deficiencies in malnutrition it is generally 
recognized that replacement of isolated vita- 
mins is but a partial remedy which ideally 
should be used only in emergencies, or to 
reenforce dietotherapy. 

Gillman and Gillman (Arch. Int. Med. 76, 
63 (1945)) have reported striking improve- 
ment in a deficiency disease syndrome oc- 
curring in infants and young children when 
treated with a preparation of powdered 
stomach. The main characteristics of the 
syndrome were diarrhea, usually of the 
steatorrheic type, cheilosis, dermatitis, fatty 
liver, edema, hypoproteinemia, and anemia 
in children usually between 1 and 3 years of 
age. During their early experience with 
this form of malnutrition large doses of 
niacin, riboflavin, thiamine, and ascorbic 
acid were tried with uniform failure. The 
addition of yeast and halibut liver oil to the 
regimen failed to effect better results. Diet 


alone was altogether ineffective. When 
concentrated liver extract rich in the anti- 
pernicious anemia fraction was given by 
injection a fair proportion of the children 
recovered slowly with protracted convales- 
cence. When treatment was confined to 
use of 10 g. of powdered stomach plus 5 ml. 
of tenth-normal hydrochloric acid for five 
days, improvement was prompt and recoy- 
ery invariably followed. 

In the 23 cases reported, studies of cells, 
hemoglobin, and blood protein were made 
whenever anasarca did not interfere. Of 
especial interest is the series of liver biopsies 
done on all patients upon admission and at 
intervals of seven to ten days. Analysis of 
fatty stools was done routinely. The clini- 


cal findings which Gillman and Gillman 


describe and classify as infantile pellagra 
have been noted by several investigators in 
South Africa. In addition to the signs 
mentioned above, glossitis, diffuse loss of 
cutaneous pigment, and graying of the hair 
with some alopecia were observed in many 
patients. The red tongue seen in adult 
pellagrins was not found but rather a smooth 
atrophic tongue. The marking of the tongue 
with a fringe of black pigments, observed 
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to develop following recovery from glossitis 
in adults, was not seen in any of the children. 
A change in iron metabolism in children 8 to 
10 years of age (Gillman and Gillman, 
Nature 154, 148 (1944)) may be responsible 
for this curious age distribution. All but 2 
infants had edema in some degree, frequently 
of massive cystic fibrosis of the pancreas, 
and starvation edema. It was suggested 
that failure of vitamins to produce improve- 
ment was a result of a refractory state of the 
tissues rather than a disturbance due pri- 
marily to something other than a deficiency 
of vitamins—the signs and symptoms arising 
because of “secondary pathologic processes 
resulting from attempt by the organism to 
readjust its metabolism to the deficient 
diet.” 

The direct role played by the liver in 
water metabolism in addition to its effects 
on serum protein may account for the ob- 
served response to therapy with powdered 
stomach. These investigators have shown 
that the fatty liver in victims of infantile 
pellagra can be almost avascular, the fat 
distended cells encroaching upon and slowly 
obliterating the vascular bed. Thus when 
the lipotropic action of powdered stomach 
reduces the size of the swollen liver a mech- 
anized effect is produced. The associated 
diuresis presumably depends upon some as 
yet unexplained hepatorenal effect. A spon- 
taneous diuresis in acute and subacute 
hepatic disease has been observed to be a 
harbinger of improvement by Jones and 
Eaton (New Engl. J. Med. 213, 907 (1935)). 

Though cystic fibrosis of the pancreas and 
fatty liver have been noted by Blackfan and 
Wolbach (J. Pediatrics 3, 679 (1933)) in 
children in association with vitamin A defi- 
ciency, Gillman and Gillman, on the basis of 
clinical experience with malnourished chil- 
dren as well as experimental production of 
such lesions in rats fed on maize-meal por- 
ridge and sour milk ration, are inclined to 
attribute the lesions to vitamin B-complex 
deficiency. The cystic change in the pan- 


creas occurs later than fatty infiltration of 
the liver. 

Steatorrhea occurring while the patients 
are on a low fat diet has been attributed to 
conversion of carbohydrate to fat, inability 
of the tissues to utilize it, and its excretion 
in the stool. They suggest that the hormone 
enterogastrone which reduces gastric func- 
tion following ingestion of fat may be respon- 
sible for some of the manifold disturbances 
in these patients with infantile pellagra. 

Whatever be the manner in which the 
preparation of powdered stomach produces 
results, they are dramatic and further study 
of mechanisms may illuminate the confusing 
relationship of sprue, pellagra, and perni- 
cious anemia. Whether the lipotropic ca- 
pacity of powdered stomach breaks up a 
pernicious cycle of distorted gastro-hepato- 
renal function remains to be seen. 

Although relatively few cases were ob- 
served, vitamins, liver extract, and powdered 
stomach are clearly distinguished by their dif- 
ferences in effect. It would have been some- 
what more convincing if vitamin therapy had 
failed in the particular cases responding to 
powdered stomach. Nor is it absolutely 
clear that the later cases did not occur at a 
phase of the seasonal change in severity of 
the disease. On the basis of liver biopsies 
the three groups were similar. 

Stomach preparations were used by Spies 
(J. Clin. Invest. 13, 807 (1934)) who reported 
satisfactory results in the treatment of pel- 
lagra in adults. In this connection it may 
be recalled that Sydenstricker, Armstrong, 
Derrick, and Kemp (Am. J. Med. Sci. 192, 
1 (1936)) found that gastric juice from nor- 
mal persons produced a remission of symp- 
toms of pellagra while the patients were on a 
“pellagra-producing”’ diet. The work of 
Petri, Ngrgaard, and Bing (/bid. 195, 717 
(1938)) on the experimental production of a 
pellagra-like syndrome in animals by oper- 
ative removal of the stomach demonstrated 
that the symptoms which followed could not 
be ameliorated with niacin but responded to 
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treatment with preparations of stomach. 
With the availability of synthetic com- 
pounds, and the relative small cost of yeast, 
desiccated stomach has not been employed 
intensively. Because of the experience in 
treating multiple deficiencies in South Afri- 
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can natives it deserves a careful trial in simi- 
lar cases, in both children and adults. If 
further work verifies the findings discussed 
here a search for the particular fraction or 
compound responsible may yield fruitful 
results. 


ELECTROPHORETIC STUDIES OF REGENERATED PLASMA PROTEIN 


Conclusions regarding the regeneration 
of the various plasma proteins following 
protein depletion, carried out with the object 
of observing the “dynamic equilibrium” 
governing the complex interchanges of tis- 
sue and plasma proteins, have been drawn 
from chemical analyses of the plasma. The 
precipitation of proteins with 22 per cent 
sodium sulfate has its limitations, however, 
for certain quantitative aspects of the alter- 
ations which take place with protein deple- 
tion and regeneration may be completely or 
partially obscured in salt fractionation anal- 
yses. Consequently the studies of Zeldis, 
Alling, MeCoord, and Kulka (J. Exp. Med. 
82, 157 (1945)), who report observations 
based on electrophoretic analysis in addition 
to chemical fractionation, are of special 
interest. 

In an earlier investigation Zeldis and 
Alling (J. Exp. Med. 81, 515 (1945) observed 
the effects of acute hypoproteinemia on the 
plasma electrophoretic pattern. In those 
studies as in the present ones the concentra- 
tion of the various plasma proteins was 
calculated on the basis of certain assump- 
tions relative to the significance of the vari- 
ous peaks in the electrophoretic patterns. 
Conversion of the electrophoretic areas to 
concentrations in grams per cent was based 
on the assumption that the concentration 
in grams percent is equal to the total planim- 
eter area of the enlarged pattern times a 
constant, divided by the enlargement factor, 
due allowance being made for the dilution. 
On the basis of chemical determinations of 
total protein concentration the value of the 
constant was calculated and by applying 
this value to the patterns of other normal 


dog plasmas, values for concentration of 
protein were obtained which agreed within 
+4 or 5 per cent with chemically determined 
total protein concentrations. The total 
concentration was then divided among the 
individual components according to the 
fraction of the total area which they con- 
tributed. The procedure assumes for all 
components the same specific refractive 
increment and also assumes that the specific 
refractive increments of all components are 
constant. 

In the earlier study (Nutrition Reviews 3, 
298 (1945)) normal globulin concentrations 
were found to be restored much more rapidly 
than were normal albumin concentrations 
when protein was fed to dogs depleted of 
both circulating albumin and _ globulins. 
Alpha- and beta-globulin peaks regained 
initial normal levels at particularly rapid 
rates. Thus, tissue protein reserves were 
found to support the regeneration of all 
plasma electrophoretic components. In the 
present study 4 dogs which at first received 
the kennel diet (hospital table scraps plus 
Purina fox chow) supplemented with liver 
were carried through periods of low protein 
diet, high liver diet, liver plus kennel diet, 
and finally kennel diet. The low protein 
diet consisted of dextrose, corn starch, corn 
oil, steamed rice, salt mixture, bone ash, and 
a vitamin emulsion. Its nitrogen content 
in one experiment was less than 50 mg. daily. 
Carbohydrate supplied 73.2 per cent of the 
calories, fat 26.8 per cent. Similarly low 
protein diets were fed the other dogs. On 
this regimen weight was lost and appetite 
lagged but the general condition of the ani- 
mals was good. Chemical analyses of the 
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plasma included the measurement of total 
protein, albumin, globulin, fibrinogen, cho- 
lesterol, and total lipids. 

The electrophoretic analysis confirmed 
the general trend of alterations in plasma 
albumin and globulin concentration found 
by chemical analysis in protein depleted 
dogs. Long continued restriction of dietary 
protein resulted in striking decreases in 
plasma albumin. Total circulating globulin 
concentrations were only slightly decreased 
or actually rose. However, there were cer- 
tain quantitative aspects of the alterations 
which were different in the electrophoretic 
analysis as compared with the salt fraction- 
ation method. Thus, the degree of depletion 
of electrophoretic albumin was considerably 
greater than that of the chemical albumin 
fraction. It appeared that this difference 
was largely related to the separation from 
albumin, under the electrophoretic condi- 
tions employed, of certain globulin compo- 
nents which are present in the chemical 
albumin fraction. Again, whereas normal 
chemical albumin concentrations usually 
were restored within one week when large 
amounts of protein were fed to the depleted 
dogs, restoration of normal electrophoretic al- 
bumin concentrations was a much slower 
process requiring three weeks or longer. It 
is of interest that while albumin restoration 
was thus delayed, excesses of plasma globu- 
lins, particularly of beta-globulins, were 
promptly produced. It was observed that 
positive nitrogen balance during these weeks 
was much greater than that accounted for 
by the increased mass of circulating protein. 
Such postdepletion nitrogen storage has been 
shown to be associated with replenishment 
of tissue protein reserves. The investigators 
assume that these relationships are partially 
obscured in chemical fractionation of the 
plasma proteins. 

During low protein feeding of one animal, 
total protein concentration as determined 
chemically fell steadily from 5.44 to 3.91 g. 
per cent. Decreases in albumin concentra- 
tion accounted for 83 per cent of this reduc- 
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tion and globulin levels determined by 
precipitation with 22 per cent sodium sul- 
fate showed only a slight and inconstant fal!. 
In the latter part of the low protein diet 
period an increase in fibrinogen was noted. 
This is of interest in indicating the ability 
of the dog to produce this essential globulin, 
apparently from tissue reserves in spite of 
severe depletion. In the same animal total 
electrophoretic area changes were somewhat 
variable but at no time decreased to the 
extent indicated by Kjeldahl analyses. 
However, electrophoretic albumin concen- 
tration at the end of the depletion period 
was only 33 per cent of the initial value 
while the total area of the globulin peak had 
increased by approximately 25 per cent. 
Thus the albumin concentration as indicated 
by electrophoretic analysis was reduced 
much more than indicated by chemical frac- 
tionation. Several factors were concerned 
in this result, most important of which 
is the separation of a more homogeneous 
fraction by electrophoresis. The inves- 
tigators noted that lipid materials con- 
tribute to the areas of globulin much more 
than to the albumin peaks, thus tending 
further to lower the electrophoretic albu- 
min-globulin ration. 

These observations are of special interest. 
because they also bear on the design and 
interpretation of potency tests for dietary 
protein material. In some such tests total 
plasma protein production is used to assay 
the value of orally or parenterally adminis- 
tered test proteins or protein building mate- 
rials. There is, of course, much interest in 
the apparent ability of certain proteins to 
favor the production of albumin or globulin. 
The data presented by these investigators 
indicate that several factors other than the 
type of protein fed may influence not only 
total plasma protein restoration but the 
relative rates of restoration of albumin and 
globulin. Such factors may include the 
relative degree of depletion of albumin and 
globulin, the degree of depletion of tissue 
protein reserves, and the quantity of the 
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protein fed. This does not imply that the 
quality of protein fed may not favor the 
production of one or another body protein. 
It is pointed out, for example, that an ap- 
parent lag in albumin production following 
the administration of certain proteins may 
be due merely to replenishment of tissue 
reserves which takes priority over plasma 
albumin production. In the studies of Zeldis 
and co-workers globulin apparently takes 
precedence over albumin production. This 
is similar to the priority of hemoglobin over 
plasma protein formation in anemic hypo- 
proteinemic dogs (Pommerenke, Slavin, 
Kariher, and Whipple, J. Exp. Med. 61, 261 
(1935)). The maintenance of the circulating 
globulin level despite the severe depletion of 
certain other body proteins is perhaps in 
accord with the physiologic importance and 
specific function of some of these components. 

The investigators state that in experi- 
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ments to be recorded later, electrophoretic 
studies have been made of plasma from 
which lipid materials have been removed by 
alcohol extraction. These studies indicate 
that increases in total electrophoretic globu- 
lin areas in protein depleted dogs are due 
largely to alcohol extractable substances. 
Similarly, alterations in the relative areas 
of the individual electrophoretic globulins 
are found to be in large part related to such 
nonprotein material. The protein constitu- 
ents of all electrophoretic globulin peaks are 
essentially unaltered during long continued 
protein depletion. Thus in spite of their di- 
verse physiologic characteristics these globu- 
lins respond during uncomplicated low 
protein feeding in strikingly similar fashion 
and in sharp contrast to electrophoretic al- 
bumin. This would imply fundamental 
similarities and differences in production and 
utilization. 


NEUROPATHY AND VITAMIN DEFICIENCY 


Although Bontius (translated by Vedder, 
“Beriberi,”” Wood, New York (1913)) de- 
scribed hoarseness and aphonia in dry beri- 
beri three hundred years ago, and it is said 
to be common in the infantile form, there is 
little other evidence that functional disorders 
of cerebral nerves are common in nutritional 
deficiency diseases. Lesions of the vagus 
nerve in wet beriberi have been blamed for 
some of the cardiac disturbance but the 
pathology is not established. Visual failure 
and deafness are not components of classic 
beriberi according to Pekelharing and Wink- 
ler (translated by Cantlie, ‘“‘Beriberi,’’ Edin- 
burgh (1893)), Braddon (“The Cause and 
Prevention of Beriberi,’’ London (1907)), or 
Vedder (loc. cit.). Nevertheless, Moore 
(Lancet I, 1225 (1937)) and several other in- 
vestigators have discussed failing vision in 
association with signs of vitamin B-complex 
deficiency, and Stannus (Brit. Med. J. 2, 103, 
140 (1944)) has reviewed the reports on this 
problem. The relationship of deficiency of 
thiamine and other vitamin B-complex 


factors to various neuropathies remains 
obscure. Differences between the clinical 
signs of Oriental beriberi and alcoholic 
polyneuritis are not readily explained by 
those who contend that thiamine deficiency 
is the sole cause of both. While it is to be 
hoped that current studies on severe degrees 
of induced thiamine deficiency will clarify 
the picture it is far from settled at the 
moment. 

Reports on an obscure neuropathy in 112 
German prisoners of war in the Middle East 
(Spillane and Scott, Lancet II, 261 (1945)) 
and in British prisoners in the Far East 
(Spillane, Ibid. II, 317 (1945)) again demon- 
strate that a severe disorder of the central 
and peripheral nervous systems may occur 
in undernourished persons. Classic defi- 
ciency syndromes had not been common 
during the period when the neuropathy was 
observed but pellagra had been present pre- 
viously in many patients, and diarrhea had 
been prevalent. The characteristic finding 
was retrobulbar neuritis, frequently with 
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ataxia. Nerve deafness and vocal cord 
paresis were seen in a number of cases. 
Visual difficulty usually commenced gradu- 
ally but progressed to partial blindness 
within six to ten weeks. In some it seemed 
to occur overnight. Visual acuity was 
affected in varying degrees ranging from 
only slight impairment to a 90 per cent re- 
duction. Inspection of the retina often 
showed hyperemia of the optic dise and later 
in the disease temporal pallor, neither of 
which regularly corresponded in degree with 
reduction of visual acuity. Visual defects 
also occurred in association with normal 
discs as one would expect with retrobulbar 
lesions. The characteristic visual field de- 
fect was a slowly enlarging central scotoma 
in both eyes. In a few cases the peripheral 
field was constricted. Paresthesias of the 
extremities and ataxia were usually present 
at the time loss of vision was noted, but 
might occur about a month earlier or later. 
The arms were rarely implicated. Paresthe- 
sias began in the feet with burning followed 
by tingling and numbness. Bizarre sensa- 
tions of heat or cold occurred. Paresthesias 
were not always associated with ataxia, 
which was not noted by some patients until 
called to their attention by others. Exag- 
gerated tendon reflexes persisted until late 
in the disease when they disappeared en- 
tirely. Swaying occurred when the patient 
stood with eyes closed. Later in the disease 
the subject might fall to the ground. Walk- 
ing on a broad base with steppage gait, eyes 
closely watching the path, was characteristic. 
No evidence of pyramidal tract disturbance 
was found. Loss of cutaneous sensibility 
was a late phenomenon with curious combi- 
nations of hypoalgesia and hyperalgesia. 
Heat and cold perceptions were often 
blunted. There was a tendency for the 
changes to be more pronounced peripherally. 
Tinnitus was common, and might be fol- 
lowed by nerve deafness. Hoarseness in 3 
prisoners was caused by paresis of the vocal 
cords. Apathy, failing memory, intellectual 
impairment, and depression were common 


but Korsakow’s psychosis was not found. 
Arterial blood pressure tended to be low. 
There was usually a mild hypochromic 
anemia. Urine was normal. Achlorhydria 
existed in 10 per cent of the subjects. 

In spite of the absence of the more com- 
mon syndromes of deficiency disease Spillane 
and Scott concluded that they were dealing 
with a nutritional neuropathy because of the 
absence of other demonstrable cause, the re- 
lationship of its incidence and severity to 
time spent in camp, the original malnutrition 
in the prisoners, the prevalence of dysentery, 
the previous outbreak of pellagra, and the 
occurrence of pellagra, ariboflavinosis, and 
scurvy in other camps. Analysis of the 
authorized diet does not disclose any defect, 
though what was actually consumed, and 
what, in the presence of diarrhea, was actu- 
ally absorbed is unknown. No dramatic 
benefit was conferred on the prisoners re- 
ported by Spillane and Scott by giving yeast, 
“Marmite,” riboflavin, niacin, or thiamine 
for short (five weeks) or long (six months) 
periods, although general health and vigor 
were restored. It must be emphasized that 
this does not eliminate dietary deficiency in 
the pathogenesis of the nerve condition, 
since it is well known that lesions which 
destroy nerve cells cannot be reversed by 
removing the original cause. Since clinical 
methods for diagnosis of irreversible stages 
of neuropathy are not available, therapeutic 
failures may depend on nonspecificity of the 
agent or an unchangeable stage of the dis- 
ease. 

The problem of why the prisoners had neu- 
ropathic disease rather than pellagra or 
beriberi is a troublesome one and cannot be 
solved on the basis of present knowledge. 
That selective implication of the nervous 
system may occur in association with nutri- 
tional deficiency is well documented histori- 
cally. Reports from both federal and 
confederate prison camps during the Civil 
War indicate that extensive neurologic 
lesions occurred in some prisoners who sur- 
vived the severe dysentery. Strachan’s 
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(Practitioner 59 (N.S. 6), 477 (1897)) report 


on multiple peripheral neuritis following a 
pandemic of malaria in malnourished natives 
of Jamaica is another example. The Spanish 
Civil War has produced additional material 
of the same kind with three classes of disor- 
ders, dermal, mental, and neurologic, appar- 
ently affecting equal portions of the 
population according to Peraita (Arch. f. 
Psychiat. 114, 611 (1942)). Evidence of the 
same kind is now coming from American 
civilians and military personnel who sur- 
vived Japanese internment camps. 

The opportunity to solve the problems 
created in prison populations by multiplex 
conditions which lead to deterioration of 
nutrition is ordinarily wanting because of 
lack of personnel and equipment. Further- 
more subjects are usually studied only after 
the conditions which caused their signs and 
symptoms have been changed and cannot 
be reconstructed from the confused informa- 
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tion available. These questions must be 
answered to illuminate the problem: What 
specific factor or combination of dietary 
factors must be missing or reduced to pro- 
duce the lesions? Why do so few of those 
apparently exposed to identical circum- 
stances actually develop lesions? Why do 
groups of persons consuming the same food 
sometimes develop quite different signs and 
symptoms? What contributory role is 
played by other diseases? It is not likely 
that such questions will be answered in 
prison camps where the developmental 
phase of the disorders was little studied and 
the mere fact of their occurrence indicates 
willful or unavoidable failure to provide 
proper food. Only when controlled experi- 
ments are done on subjects living for long 
periods on inferior rations will the underlying 
pathogenesis and clinical irregularities of the 
“starvation”? syndromes be explained. 


DIFFERENTIATION OF NICOTINIC ACID AND DERIVATIVES IN URINE 


A new and sensitive technic has been 
devised by Johnson (J. Biol. Chem. 159, 
227 (1945)) for the assay of the individual 
components of mixtures of nicotinic acid, 
nicotinamide, and nicotinuric acid. It de- 
pends upon the different specificity of two 
microorganisms in their utilization for 
growth of nicotinic acid and related com- 
pounds; Lactobacillus arabinosus is able to 
use nicotinamide and nicotinuric acid, 
whereas Leuconostoc mesenteroides does 
not respond to nicotinuric acid, or to nico- 
tinamide at low concentrations. 

When any solution or extract is submitted 
to microbiologic assay with L. mesenteroides 
the nicotinic acid alone is determined. The 
range of concentration of the acid over which 
there is a linear response in acid production 
by the microorganism is approximately up 
to 2 micrograms per assay tube. The pres- 
ence in the tube of 10 micrograms of nico- 
tinamide or nicotinuric acid leads to no 
increase in acid production above the level 


of the control, but 1 mg. of nicotinamide 
produces a slightly greater response than 1 
microgram of nicotinic acid. A study of the 
hydrolysis of the three compounds estab- 
lished that hydrolysis with 0.6 N sulfuric 
acid in the autoclave at 15 pounds pressure 
for one hour will hydrolyze nicotinamide 
completely and nicotinuric acid not at all. 

In a mixed solution of the three com- 
pounds the nicotinamide can therefore be 
determined by the difference between the 
acid production of L. mesenteroides with the 
untreated solution and with the solution 
after hydrolysis under the conditions de- 
scribed above. When the total of nicotinic 
acid plus amide has thus been determined, 
an assay with L. arabinosus will determine 
the total of all three compounds and the 
nicotinuriec acid can be calculated by dif- 
ference. 

This procedure has been applied by John- 
son, Hamilton, and Mitchell (J. Biol. Chem. 
159, 231 (1945)) to a study of nicotinic acid 
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and its derivatives in human urine and sweat. 
The major derivative present in human 
urine is N’-methylnicotinamide (Nutrition 
Reviews 2, 234 (1944)); 3, 263 (19465)); 
therefore in addition to the microbiologic 
procedures described above, the fluorometric 
method of Huff and Perlzweig (J. Biol. 
Chem. 150, 483 (1943)) was employed to 
estimate this compound, which is not 
measured by their microbiologic assays. 

Four sedentary normal young men were 
maintained on a constant diet, and in a hot 
humid environment for eight hours daily. 
During the first five days no nicotinic acid 
was given in addition to that contained in 
the food. The combined twenty-four hour 
urine specimens for the five days were 
subjected to the microbiologic assays and to 
the fluorometric determination. The aver- 
age daily excretion of nicotinic acid and its 
derivatives was 19.8 mg., slightly less than 
the average daily intake of 21.1 mg. The 
individual results varied widely, from 9.5 to 
44.0 mg. excreted, and it is of interest that 
the subject with the highest intake (30 mg. 
daily) excreted 46 per cent more than he 
ingested, but the other 3 men excreted less 
than they ingested. On the average N’- 
methylnicotinamide accounted for 94 per 
cent of the total excreted; this fraction varied 
only from 89.5 to 96.1 per cent for the dif- 
ferent individuals. The average daily out- 
put of free nicotinic acid was 0.24 mg., and 
of nicotinamide 0.91 mg., while no 
nicotinuric acid at all was detected in the 
urines. This more sensitive method thus 
decides a point which had been at issue as a 
result of various workers’ experiences with 
the chemical determination of nicotinic acid 
derivatives in urine. Melnick, Robinson, 
and Field (J. Biol. Chem. 136, 145 (1940)) 
had reported that normal human urine 
contains no nicotinuric acid, while Perlzweig, 
Levy, and Sarett (Ibid. 136, 729 (1940)) and 
Sarett (J. Nutrition 23, 35 (1942)) had 
reported this compound present in small 
quantities. Since the chemical method of 
determining nicotinuric acid is an indirect 


one and since the quantities of nicotinic acid 
derivatives (other than N’-methylnico- 
tinamide) in normal urine are so small, the 
work of Johnson, Hamilton, and Mitchell 
must be regarded as decisive on the question 
of the absence of nicotinuric acid. On the 
other hand, Melnick, Robinson, and Field 
(loc. cit.) and Sarett, Huff, and Perlzweig 
(J. Nutrition 23, 23 (1942)) have found, by 
using the chemical method, clear evidence of 
the presence of considerable amounts of 
nicotinuric acid following the ingestion of 
doses of free nicotinic acid. 

Following the period upon the unsupple- 
mented basal diet, the subjects studied by 
Johnson, Hamilton, and Mitchell were 
given an additional 50 mg. of nicotinamide 
daily, and the collections of urine and sweat 
were continued. On this regimen the free 
nicotinic acid excretion in the urine increased 
slightly, but the nicotinamide and N’- 
methylnicotinamide output showed on the 
average no change. This finding is at 
variance with the observations of Ellinger 
and Coulson (Biochem. J. 38, 265 (1944)), 
of Hochberg, Melnick, and Oser (J. Biol. 
Chem. 158, 265 (1945)), and of Perlzweig, 
Ruffin, and Cayer (Federation Proceedings 
3, 161 (1945)), each of whom noted a con- 
siderable increase in the excretion of N’- 
methylnicotinamide following a dose of 50 
mg. of nicotinamide. The reasons for failure 
to confirm these earlier results are not 
apparent at the present time. 

It must however be pointed out that even 
when such apparently conflicting results as 
these are brought into harmony, the inter- 
pretation of N’-methylnicotinamide excre- 
tion measurements as a criterion of the 
adequacy of nicotinic acid nutrition will still 
remain doubtful. Unlike thiamine and 
riboflavin, nicotinamide given in a large 
dose cannot be mostly accounted for, 
unchanged or as known derivatives, in the 
urine. Sarett, Huff, and Perlzweig (J. 
Nutrition 23, 23 (1942)) found that not more 
than 40 per cent of the nicotinamide could 
be accounted for, even after repeated doses; 
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and Ellinger and Coulson have found that 
four fifths of an ingested dose of N’-methyl- 
nicotinamide fails to appear in the urine and 
therefore must be metabolized in ways at 
present unknown. Until the metabolism of 
nicotinamide and its methylated derivative 
is more fully understood, it is unlikely that 
the tests involving excretion of the 
N’-methylnicotinamide can be rationally 
interpreted. 

The excretion of nicotinic acid and deriva- 
tives in sweat was small, so that the authors 
concluded that exposure to an environment 
causing profuse sweating all day would not 
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raise significantly the nicotinic acid require- 
ment. ‘This conclusion is in agreement with 
the findings of Cornbleet, Kirch, and 
Bergeim (J. Am. Med. Assn. 122, 426 
(1943)). The average total excretion was 
almost 0.5 mg. in eight hours, about one- 
quarter as the free acid, two-thirds as 
N’-methylnicotinamide, and the remainder 
as nicotinamide. As in the urine, no 
nicotinuric acid was detected in the sweat. 
No significant change occurred in the total 
excretion or in that of any of the individual 
compounds following the dosing with nico- 
tinamide. 


NUTRITION AND ALTITUDE TOLERANCE 


Nutrition in relation to physiologic reac- 
tions of aviation personnel at high altitude 
was a novel factor in aviation medicine at 
the outbreak of the war. Although a num- 
ber of theoretical and experimental papers 
pointed toward the importance of special 
food intake to achieve optimum altitude 
tolerance, little direct evidence existed from 
which the practical quantitative gain in 
performance at high altitude could be as- 
sessed in a way which would be acceptable 
for military and civilian aviation. 

King et al. (J. Aviation Med. 16, 69 
(1945)) have reviewed the sound theoretical 
reasons based on biochemistry and physiol- 
ogy for believing that preflight and inflight 
meals high in protein would impair altitude 
tolerance and that such meals high in carbo- 
hydrate would increase it. They sum- 
marize four factors which would be expected 
to contribute to altitude tolerance after 
high carbohydrate meals; namely, lesser 
oxygen demand, higher carbon dioxide 
production, maintenance of glycogen re- 
serves, and lessened impairment from alka- 
losis. On the other hand, it could be 
predicted that the ingestion of large amounts 
of protein would lead to extra oxygen 
demands for conversion of amino acids to 


other metabolites. The authors also point 
out that since it is known that visual, 
mental, and muscular functions are 
influenced by glycogen reserves, the length 
of time after food was last consumed might 
become an important factor in altitude 
tolerance. 

Extensive experiments on men living 
under essentially uniform conditions and 
serving as subjects for performance tests in 
a decompression chamber substantiated 
these ideas. Their performance records 
consistently favored a preflight or inflight 
meal high in carbohydrate. The particular 
type of available carbohydrate, sucrose, 
glucose, or cooked starch made little dif- 
ference. Eating a preflight meal high in 
protein or omitting a meal prior to an alti- 
tude test both resulted in greater functional 
impairment. Ingestion of fats was inter- 
mediate between high carbohydrate and 
high protein, and without marked effect 
when fed in small quantities. However, in 
larger quantities the fats more nearly 
resembled the proteins in their effects on 
altitude tolerance. 

Data from typical series of altitude toler- 
ance tests, representative of two and one- 
half years of experimentation, are presented 
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(King et al., Science 102, 36 (1945)) for 8 
men who received diets high in protein 
(percentage composition carbohydrate 12, 
protein 47, fat 41) or high in carbohydrate 
(carbohydrate 92, protein 5, fat 3) at the 
pretest meal. Measurements were made 
at ground level and two or more times at 
high altitude to observe the effects of anoxia 
on performance and rating in relation to the 
preflight meal. Performance tests started 
one and three quarter hours after a 1000 
calory lunch and half an hour after the 
subjects had reached a simulated altitude 
of 17,000 feet in a decompression chamber. 
Tests on visual field, block placement, pur- 
suit meter, addition, a self-rating, and 
experimenter’s rating were used. When 
receiving a high carbohydrate meal the 
subjects showed consistently less impairment 
for all the tests than when receiving a high 
protein meal with 96, 99, 77, 98, and 96 
chances in 100 on 5 of the tests that the 
differences were significant. Comparison 
of 4 other preflight diets at 15,000 feet by 
similar series of tests shows results typically 
favorable toward the high carbohydrate 
preflight meals. 

In order to determine whether the more 
rapid digestion of available carbohydrates 
in the 1000 calory meals low in protein 
and fat would result in lowered efficiency 
during the between meal period, series of 
tests lasting for a longer time interval 
(seven hours after lunch) were carried out. 


LOSS OF VITAMINS 


Since meats constitute such an important 
source of the B-vitamins in the human 
dietary, it is desirable to have as complete 
a picture as possible of the vitamin values of 
various meat cuts and their cooking losses. 
A compilation of data available up to 1941 
was published by Waisman and Elvehjem 
(“The Vitamin Content of Meat,” Burgess 
Publishing Co., Minneapolis, Minnesota, 


Two diets were selected for the preflight 
meals. One contained carbohydrate 92, 
protein 6, fat 2, and the other carbohydrate 
21, protein 43, and fat 36. The high 
carbohydrate meals held their advantage for 
approximately six hours covering the normal 
between meal period and revealed no con- 
sistent disadvantages compared with the 
high protein and fat meals at the six to seven 
hour interval. None of the tests showed 
an appreciable effect from intermeal hypo- 
glycemia subsequent to high carbohydrate 
meals provided the caloric intake had been 
adequate. 

The practical application of the results of 
these investigations has been credited by 
military authorities with being an important 
factor in decreasing flying accidents previ- 
ously attributed to “causes unknown” 
(Nutrition Reviews 3, 1 (1945)). Optimal 
nutrition states maintained by generous 
supplies of all the food essentials including 
proteins, minerals, and vitamins at regular 
meal intervals contributed over a long time 
period to general well-being. The high 
carbohydrate intake for preflight and inflight 
meals and the provision of reserve food 
supplies increased the ability to resist the 
stresses of high altitude. These contribu- 
tions will be of further significance as a basis 
for the study of many civilian aviation 
problems and in the application of these 
principles of feeding and physiology to 
diseases in which anoxia is a factor. 


IN COOKED PORK 


(1941)), and subsequent studies by the Wis- 
consin group have been reviewed (Nutrition 
Reviews 1, 281 (1943)); 2, 6 (1944)). It 
appears established that niacin is retained 
better than riboflavin, and riboflavin better 
than thiamine during the cooking of meat, 
and that roasting destroys more of these 
factors than frying. 

Jackson, Crook, Malone, and Drake 
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(J. Nutrition 29, 391 (1945)), with studies 
principally on pork, have reported on the 
amount of thiamine, riboflavin, and niacin 
in various cuts of the same carcass, and the 
variation between carcasses. They have 
further studied the retention of these vita- 
mins in roasting and frying, including over- 
cooking and undercooking as well as normal 
cooking. 

For sampling and analysis, a portion of 
meat of the size ordinarily used in domestic 
cooking was ground finely, mixed by hand, 
and a 100 g. sample homogenized with 
dilute hydrochloric acid. Of practical 
interest was the finding that such a mixture 
could be stored in the refrigerator for at 
least six weeks with no detectable loss of 
thiamine, riboflavin, or niacin. In preparing 
an extract for thiamine analysis, a hot 
extraction with dilute acid and takadiastase 
digestion was not sufficient to extract all 
the thiamine. A preliminary treatment of 
the meat acid mixture with pepsin succeeded 
in liberating the bound thiamine. The 
quantity of thiamine present was determined 
by the thiochrome method of Hennessy and 
Cerecedo. Preparation of an extract for 
riboflavin involved autoclaving the sample 
with acid, neutralizing to pH 5.0 to 5.5, 
and filtering cold. Interfering fatty mate- 
rial was conveniently removed by this pro- 
cedure. Riboflavin assay of the extract was 
by the method of Snell and Strong. 

Niacin analyses were performed both by 
the chemical (cyanogen bromide) method of 
Dann and Handler (J. Biol. Chem. 140, 
201 (1941)) and by the microbiologic pro- 
cedure of Snell and Wright. The chemical 
method gave results which were on the 
average 45 per cent higher for raw pork and 
25 per cent higher for cooked pork. The 
investigators favored, on the basis of results 
with different types of extracts, the micro- 
biologic assay. 

In comparing the various commercial cuts 
into which the carcasses were divided, it was 
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found that the mean variation of the thi- 
amine and niacin contents was only +9 per 
cent, and of riboflavin +4 per cent, with the 
single exception of the tenderloin cut which 
contained approximately 50 per cent more of 
each of the vitamins than the other cuts. 
Only small variations of the vitamin contents 
were noted between similar cuts on the right 
and left sides of the carcass, and this fact 
was used as the basis for determining 
cooking losses of the various samples. 
Experiments on the roasting of pork in- 
cluded samples which were “correctly 
cooked” and those ‘‘underdone”’ by hurried 
cooking in too hot an oven, and “overdone” 
samples. The comparison was made be- 
tween the cooked meat plus all the juice and 
drippings, and the raw meat. In correctly 
roasted pork, there was little or no loss of 
riboflavin, a loss of about one quarter of the 
niacin, and one half of the thiamine. In 


the “underdone”’ roasts the loss of niacin ~ 


was reduced to only 6 per cent, and the thi- 
amine loss was also considerably less. 
Over-roasting did not affect riboflavin values 
greatly but caused a loss of nearly two thirds 
of the original thiamine. 

In frying pork chops correctly there was 
little loss of niacin, approximately a 23 per 
cent loss of riboflavin, and a 43 per cent loss 
of thiamine. Overfrying increased the thi- 
amine loss to 51 per cent. 

The most significant difference between 
these results and those of the Wisconsin 
workers is in the greater loss of thiamine now 
recorded during the roasting of pork. The 
more than 50 per cent loss found by Jackson 
and co-workers is of particular interest upon 
appreciating the high thiamine content of 
pork and the considerable portion of thi- 
amine intake which might be supplied by 
this meat. The higher initial thiamine 
content of the pork studied by the Wisconsin 
investigators may well be attributed to 
differences in the thiamine content of the 
feeds (Nutrition Reviews 2, 81 (1944)). 
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NOTES 


Letter to the Editor 


Dear Sir: 

Perhaps readers of Nutrition Reviews may 
be interested in a description of the total 
starvation syndrome as seen in various 
theaters of war. 

Food intakes averaging as low as 600 
calories daily during long periods have been 
recorded of many of the inmates of labor and 
concentration camps. In surviving in- 
dividuals this eventually led to a total 
emaciation syndrome. Weight losses up to 
60 per cent of the original body weights have 
been noted. 

The patient as seen in the late stages pre- 
sents a characteristic picture. One observes 
a completely apathetic, very thin individual, 
usually lying immobile. The legs are flexed 
on the abdomen and the arms folded across 
the abdomen or chest. This position is 
maintained even if the patient is rolled on 
his side. There is no true ankylosis of the 
joints as the patient can only with much 
effort and persuasion extend his lower ex- 
tremities to their full length. 

The skin is dry and coarse, and cold to the 
touch. Pigmentation is a prominent fea- 
ture. Pressure points, over the sacrum, 
ischial tuberosities, and head of the femur, 
are the common sites of bilateral, symmetri- 
cal, rough sealing, heavily pigmented areas. 
Infraorbital, malar, and forehead light 
pigmentation is frequently seen. This latter 
resembles the chloasma pigment of the preg- 
nant female. 

Muscular atrophy is severe and extensive. 
The temporal muscles atrophy early. This 
coupled with the loss of the orbital and malar 
fat pads gives a peculiar “death-head” 
appearance to all the individuals. 

The legs and arms appear as merely the 
bony contours of the long bones covered 
with a tight skin. The buttocks are concave 
and follow the contours of the ilium and 
ischium. The paravertebral sulci are deep. 
Even such a muscle as the pectoralis major 
almost completely disappears, and the 
second and third ribs as well as the others 
are visible on the surface. 


The stigmata of endocrine changes are 
universally present. In the females the 
breasts and vulvae are atrophic. There 
is almost always a marked hirsutes of the 
face and extremities. The voice though 
weak is coarse. History reveals a complete 
amenorrhea. The males may have asmooth 
face with sparse hair growth. The voice is 
quivering and high pitched. The penis is 
flaccid and usually shrunken. 

The tongue is usually smooth and beefy 
red. It is a thin atrophic tongue, in the late 
stages. Resting pulse rates are slow, from 
35 to 50 beats per minute. Activity or 
excitement will precipitate a tachycardia 
and dyspnea. Resting blood pressures are 
as low as 60 to 80 mm. of mercury systolic 
and 30 to 40 mm. diastolic. 

Minimal laboratory data are available. 
Serum proteins as low as 1.8 g. per cent have 
been observed in many patients without 
edema. Serum protein concentrations above 
6.0 g. per cent with normal A/G ratios have 
been found in people with nutritional edema 
not due to obvious beriberi. Roentgen 
studies of the gastrointestinal tract after a 
barium meal reveal a sprue-like pattern. 
Electrocardiograms are bizarre with “T 
wave” changes predominating. 

The histology of the tissues of people 
dying in this total emaciation state can be 
described briefly. The skin shows marked 
atrophy of the epidermis. It is often re- 
duced to one or two cell layers in thickness. 
The sweat glands are small and inactive in 
appearance. The cells of the glands are 
vacuolated as if they were in a stage of 
metaplasia. The nerves show some de- 
myelinization. Hair follicles are malde- 
veloped and often the hair shaft is degen- 
erated. Subcutaneous fat shows practically 
complete depletion of the lipoid from the 
adipose tissue cells, closely resembling em- 
bryonic fat. 

The testes universally show changes. 
There is spermatogenic arrest at an early 
stage. Many sections show an increase in 
fibrous interstitial tissues. 
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The striated musculature shows hydropic 
degeneration of the muscle fibers as well as 
a hyaline type of degeneration. Mul- 
tiplication of the sheath nuclei is seen fre- 
quently. The sciatic nerve shows edema, 
with degeneration of the fibrils and vacuoliza- 
tion. Hyaline changes in the sheath are 
universally present. The cardiac muscu- 
lature shows brown atrophy. The cross 
striations under normal staining conditions 
are frequently missing. Many of the organ 
sections show tubercular lesions. These 
are characterized by the lack of host reaction 
in the granulomata. 

These people represent a physiologically 
hibernating stage. Their body weights vary 
from 50 to 75 pounds. The greater part of 
the weight represents the comparatively 
metabolically inactive skeletal structure. 
Their daily caloric requirements are as low 
as 500 calories. Where one is able to get 
a lucid description of their downhill progress, 
it is evident that they have passed through 
the stage of nutritional edema and specific 
nutrient deficiency syndromes of beriberi 
and pellagra. Many die during this deg- 
radation process. Those who manage to 
accommodate themselves to the reduced 
nutrient intake by the compensatory de- 
crease in metabolic levels survive to this 
point of emaciation. The adjustment of the 
circulatory system and other physiologic 
processes is anarrow one. The maintenance 
of life is dependent upon not upsetting this 
balance too abruptly. Therapy, abruptly 
started, too intensive, or nutritionally im- 
balanced, may result in a breakdown of 
these compensatory mechanisms and death 
ensues frequently. Experience has shown 
that oral administration, where possible, 
and by gavage only when absolutely neces- 
sary, of concentrated suspensions of skim 
milk powder is the best therapy. 

Sincerely yours, 

Herbert Pollack, Lt. Colonel, 
Medical Corps, 

Army of the United States. 
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Clinical Use of Dicumarol 


The effective blood anticoagulant power 
of Dicumarol was early recognized for ap- 
plication in vascular surgery, thrombo- 
phlebitis and in other circumstances where 
the prevention of intravascular thrombosis 
is required. It was also apparent that the 
reduced coagulability of the blood could not 
be brought under control promptly in case of 
hemorrhage. 

The effectiveness of vitamin K, oxide to 
reverse the reduced coagulability produced 
by Dicumarol has been studied by David- 
son, Freed, and MacDonald (Am. J. Med. 
Sci. 210, 634 (1945)). Vitamin K, oxide, 
administered intravenously in doses of 0.5 
to 3.0 g. within one to two and a half hours 
after a significant lowering of coagulation 
and prothrombin time had been caused by 
Dicumarol, caused the blood coagulation 
time to return to normal within three and a 
half to thirty-six hours. Unfortunately 
this reversal is not sufficiently rapid, since 
fatal hemorrhage might well occur during 
this period. There is some evidence, how- 
ever, that a reduction in the incidence of 
thrombophlebitis after surgical operations 
can be brought about by a dose of Dicumarol 
sufficient to lengthen the prothrombin time 
without actually increasing the blood clot- 
ting time. 

Heparin is still available for its anticlot- 
ting effect, and clinically the prolongation of 
coagulation time may be reversed at once 
by the administration of protamine (Char- 
gaff and Olson, J. Biol. Chem. 125, 671 
(1938)). The high cost of heparin has thus 
far prohibited its wide application. 


Recent Nutrition Books 


Protein Nutrition in Health and Disease. 
(A series of nine articles prepared under 
the auspices of the Council on Foods and 
Nutrition of the American Medical As- 
sociation and reprinted from the April 
14, 21, 28, May 12, 26, June 2, 9, 23, and 
30, 1945 issues of the Journal of the 
American Medical Association.) Copy- 
right by the American Medical Associ- 
ation, Chicago, Ill. 1945. pp. 124. 
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‘THE’ FOUNDATION 
\ The Nutrition Foundation was organized by manufacturers of the food industry to carry 


The purposes of the Foundation are: , 


2 a The development of a comprehensive program of fundamental] research, providing basic information 


in the science of nutrition. 


2. The development of an educational program to facilitate the widest possible usage of what is known 
in the of nutrition. 


~The Foundation functions chiefly through grants in ‘support of fundamental research 
to universities having strong graduate schools in the natural sciences, or to medical centers 
where there are opportunities for outstanding research. - 
ae. The grants approved to date include: a 


Studies of the human requirements of specific nutrients; 


Studies of the origins and functions of individual nutrients i livin éells; 
Studies of maternal and infant nutrition; 4 ne ' 


1, 

4, Studies of public health problems in nutrition; 

5. Projects relating to education and professional training; 
‘6. Nutrition studies related directly to the war. 


The Board of ‘Trustees is the ‘governing body of the Foundation. Te, 
administration, establishes its policies, governs its conduct, expends its funds, and in all 
ways manages its affairs. | - 

The Board, sha (sell ‘donde ibd the General bubse to assure its 
public character, and it shall be organized to secure its public conduct. 


' The public trustees include: 
Chairman of Food and Nutrition Board, _ Scientific Director, The Nutrition Foundation, 
National Research Council Inc 
UGH O’Doxnet, ice Chairman 
Vice Chairman President, Not Notre Dame University 
O. C, Sur General, U. 8. Public Health Service 
Chancellor, Vanderbilt University Gnomes A. Sioux, 
W. C. Corry, The Nutrition Foyndation, Ine. 
President, University of Minnesota Ray Lyman Witavr, 
A Massachusetis Institute of Tech- Nutrition and Food Conservatiim Branch, 
Af Food Distribution Administration 
Quartes Westzy Dunn Sreruen 8. Wiss, 
Member of the New York Bar } Rabbi, Free Synagogue 


The quality and independence ofthe rnearch program i by 
and counsel of the Scientific Advisory Committee: 


F. G. Bouprea Lyp14 J. Ro 
Milbank Memorial Fund of Chicago 
University of Wisconsin Unseersity of Ilinoi 
Pp. Wational Institute of Health 
‘ur General’s Office, U. 8. Army H. C, 
L. ewes Columbia Unitersity 
ornell Univer. 
J. F.F. TISDALL, 
Unéversity of Rochester ay University of Toronto 
C..NewrTon, RL R. 


from Industry — A: Bell Telephone Laboratories 

tow, Chairman of the Board of Trustees 
norGE A. 


GLEN Kina, Director | 
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The publication of NUTRITION REVIEWS has been undertaken to enable pro- 

‘ fessionally trained people to keep abreast of current progress, and to have available 

an unbiased, authoritative review of the current research literature in the science 
of nutrition. 

The Editorial Staff has been carefully selected so that the publication will merit 
in reasonable degree, the confidence of the medical profession and others who work 
directly with the public in the field of nutrition. Thé service provided by the 
publication is distinct from that of an abstract journal, a review for laymen, or 
an extensive scientific review. Since the reviews as originally prepared by a 
member of the Editorial Staff are frequently modified by special referees and may 
be further modified by the Editorial Office in preparing final copy for the press, 
the Editorial Committee feels that it is preferable not to affix the names of Edi- 


torial Staff members to individual reviews. There is thus a high degree of group 
responsibility on the part of the Editoy and Assistant Editors. 
Signed articles do not necessarily represent the opinion of the Editorial Staff. 
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